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Llenbto pabOTHI ABISETCS ONPEEICHUE BIMAHUS COCTaBA U CBOMCTB HAIOJIHUTENA (BaKyyMHOM M30JI1MH, COPOCHTA) HA BpeMs
BaKyyMHPOBAHHUS U paclpe/elicHHe TaBICHHS B BaKyyMHpPYeMOH MONoCTH. B paboTe MpUHATH JOMyIIEHUS: MOIEKYISAPHBIN pe-
MM TEUEHHMS Ta3a, MEUKPOIIOPHCTAask CTPYKTypa MPEeACTaBIeHa KaIIIPOM SKBHBAIICHTHOH THHBI U THAMETpPa, Fa30BBIICICHUE C
MIOBEPXHOCTH HE 3aBHCHUT OT JABJICHUS U IOCTOSHHO II0 JJIHMHE YCIOBHOTO Kammuuripa. IIporecc BakyyMHpOBaHUS ObLT paccMOT-
PEH U1 YCTaHOBUBLIEIOCS PEXXKMMA OTKAYKK U JUI IIPOLIECCa OTKAYKU C MOCTOSHHBIM IOTOKOM OTKauMBaeMoro rasa. CooTBeTcT-
BEHHO, TI0JIyUCHbI aHAJIUTHYECKUE 3aBUCMOCTH paclpeie/ICHUs JaBICHUS B KallJUIApe U BpeMsl OTKAauKH B 3a/laHHOM J[Mara3oHe
JaBJIEHH.
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STUDY OF PRESSURE CHANGE IN THE CAVITY WITH A MICROPOROUS FILLER
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The aim of the study is to determine influence of composition and properties of filler (vacuum insulation, sorbent) of pumping
time and pressure distribution in the pumping cavity. In the work accepted assumptions: molecular flow regime of gas,
microporous structure is presented of capillary equivalent length and diameter, gassing from the surface independent of pressure
and are constant along the length of conventional capillary. Pumping process has been considered for steady pumping process and
pumping process with constant pumped gas flow. Accordingly were obtained analytical dependence of pressure distribution in
capillary and time of pumping process for design pressure ranges.

Keywords: molecular flow regime of gas, conductivity, time, pressure, capillary, vacuum, the pumping process, equivalent length,
hydraulic diameter, gas emission.
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Jmns 3amuTel TpyOOnpoBOga HU3KOTEMIEPATypPHOTO [Ipomnecc BakyyMHpOBaHHUS MOJIOCTH PACCMOTPEH Ha

RN

xnaznareHTa (N,, He) ucnons3yercst BakyymMHas mopoml- — IpHMeEpe BaKyyMIIPOBOAA, IIPEACTABIISIOIEro co00i aBa
KOBas WIK CTEKJIOBOJIOKHUCTas u3oisud [1]. Bakyymu- — KoakcHanbHBIX LWIMHApA, I7I€ AMAMETp BHEIIHEro Lu-

POBaHHE 3aKpHITOil MONOCTH, B KOTOPO pasMemieH mo-  muHapa D; = 60-107 M, Baytpennero — D, = 40-107° m,
POLIKOBBII MM CTEKJIOBOJIOKHHCTBIM HANOJIHUTENb, 3TO  JuinHa L =1 M.
CIIO>KHBIN MpolLecc Macconepenoca rasa [2]. B To Bpems PaccmarpuBaeMslii u3oasnuoHHbI Matepuan Al-4C
KaK ra3 OTKQuMBaeTCs, B TIOJIOCTh MOCTYIAIOT Ta30BbIIe-  INPEJCTaBIISICT COOOM CTEKISHHBIE HHUTH JHAMETPOM

JICHUSI U3 U30JALMOHHOr0 MaTepuana (puc. 1).

d=610° M, mmmoit [ = 1 M [7].

OTKauMBaeMBI 00BEM — 3TO ITOJOCTH CIOXKHOIO Ce-

M3onAunoHHblil maTepuan Alr-4C

YEeHUS] MEX/y U30JIIIIMOHHBIM MaTepuaioM (puc. 2).

Jns pacdera BaKyyMHBIX IIapaMeTpoB B 0ObeMe

prﬁc;ﬁpoaon

Puc. 1. Cxema BakyymMmmpoBaHus
Fig. 1. Circuit pumping

CoOCTBEHHO TIpPOLlECC BaKyyMHPOBAaHHS OCYLIECTB-
nsietcst 0e3MacisIHBIMU  CPE/ICTBAMH  OTKAdKH, pacdeT
KOTOPBIX PacCMOTpPEH B paborax [3-6].

MPUMEHSIOTCA Pas3Hble MeToAbl. B mociennee Bpewms
WCCIIEJOBAaHMS TPOBOJAVMOCTH KaHAIOB U pacIpenerne-
HUA JaBJICHUA OCYHICCTBIIAIOTCA CTAaTUCTHUYCCKUMU MC-
tonamu [8-11], B maHHOit paboTe paccMarpuBaeTcs Ipo-
1[ecc MOJICKYJIIpHOM auddy3uu.

Junst ynporuenus GopMbl KaHata TEYEHHs Homeped-
HOE CE€4YEeHUe MPEJCTaBUM B BHUJE Kpyra ¢ I'HIpaBinye-
CKUM JIUaMETPOM, KOTOPBI paBeH:

4(s,, -35,,,)

=6,032-10"° M,
b

rae S, =0,5d°sin60° =4,33-10™"" m*;

2 o
AT 80T 3001107 a2,
4 360°
AB =BC=AC=d Tak Kak AMaMETp BO MHOIO Pa3 MEHBIIE JJIMHBI, TO
CYMTaeM OTKaYMBAEMYIO MOJOCTH KarmuisipoM. CooTBet-
Eﬁgiﬂe;;l%eo?ome"“e CTBeHHO, 06beM Oynier pasen: V' =S, L =2,513-10" v,
" kanunnapa rae S, =nd,, [4=4,737-10° M.

‘WN30nAUNOHHBIE HUTH
i

Puc. 2. lNMonepeyHoe ceveHne oTKauMBaeMoro Kanunnspa

Fig. 2. The cross-section of the capillary pumped Jipa.

H3meHeHne mapaMeTpoB rasza 1o IJIHHE TPyOBl IpH
MIOCTOSIHHOM pacnpeielIeHHOM Harpy3Ke ra3oBblICICHHUS:

dp _

4
t Vv

2
U
V dx*

rac U - MIPOBOAUMOCTDL KallWJlJidpa, V — 00beM kamui-
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Bpems t, ¢
3x10%

2x10*

1x104

2X10° 3x10°
Laenenue P, Na

1:&'1()a

Puc. 3. Mpadmk n3amMeHeHNs BpeMeHn BakyyMMpoBaHus obbema
B 3aBMCUMOCTYM OT AaBleHNs Ha4Yana NpoLecca OTKaykm
Fig. 3. Schedule shanges pumping time volume versus

pressure the start pumping process

B obmem citydae st Kamwnisipa ¢ TOCTOSHHOU TTPo-
BOJIMMOCTBIO 3aBHCHUMOCTh BPEMEHH BaKyyMHPOBaHUS
OT JTaBJICHUS p| = 3,2-103 [a no p, =1 I1a Oynet onpexne-
naThes 10 opmyIte (puc. 3)

“V(U+S)dp
p)=-]——Fc >
;[ USp

rae V — orkaunBaeMmsblil 00beM; S — ObICTpOTa JIEHCT-
Bus Hacoca, S = 0,05 M3/C; U — npoBOJUMOCTb KaIluil-

=121d},n/L=2,655-10" m’/c [3], rne n —

nsapa, U un
=3,2-107, rae

KOJINYECTBO KaWLIsipoB, n=S, /S
_nD} =mD; 2
o 4 4

PaccmoTpumM cityyaii, B KOTOPOM M3MEHEHHE JaBiie-
HUSI OT BPEMEHH paBHO HyJr0. Takoi ciydail Ha3bIBaeT-
Csl KBa3UCTALMOHAPHBIM.

Ha snementapHOM y4acTke dx OTKauyMBaeMOH Kame-
pbl anuHOM L, L = 1 M, ¢ IEpUMETPOM, HE 3aBUCSIIUM OT
x, Il = nd,y = 0,019-10'3 M, IIOMAABIO MOMEPEYHOTO
ceuenus F, dp/dt = 0, pacripeneneHHas ra3oBasi Harpy3Ka
q. Hacoc, crosmuii B ceuennn x = 0, OTKauMBaeT KaMepy

(puc. 4).

Karl

S

Fdxdp = ql1 (L - x)dt - Sp(x)dt,

TaK Kak dp/dt = 0, To mony4um (puc. 5)

p(x)

B oOmem ciyyae naBieHue p 3aBucuT OT t. [lpu
pacyere NMPUHUMAEM: ¢ — HE 3aBUCHT OT p (¢ = const) U
ObICTPOTa OTKAYKH ra3a B CEYCHUH X TPYObI 3aBUCHUT OT
€ro NMpOBOJAUMOCTH.

_q(L-x)
s

x=0 X x+dx x=L

Puc. 4. PacueTHas cxema yganeHus rasa
13 O0TKa4ymMBaemoro obbema
Fig. 4. Settlement circuit removing gas from the pumped volume

Hasnexue P, MNa
4x10®

3x10%}

2x10}

1x10%8

0,4

0,8
[nwuHa kanunnspa x, M
Puc. 5. N'paduk pacnpenenerHus gasnexHms
no AnuHe kanunnsipa (kamepbl)

Fig. 5. Schedule pressure distribution along the length of
the capillary (the chamber)

Oaenenune P, MNa
4x104

2x10%

I

0,8
OnuHa kanunnapa z, M

0 ' 0,4

Puc. 6. Npaduk pacnpenenerHns gasnexHms
no ArnvHe oTKa4ynBaeMou Kamepbl
Fig. 6. Schedule pressure distribution
along the length of the pumped chamber

[IpoBoaumocts (s Bo3ayxa mpu I' = 293 K) B
aHHOM ciy4dae OyneT ompenensTecs kak U(x) =

=121d;, /x v'/c.
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Bpems BakyyMupoBaHuA t, ¢
0,51

0,25

2x10° 3x10°
Naenenue P, MNa

1x10°

Puc. 7. 'pacdurk nsmMeHeHnsa BpeMeHn AOCTUXEHUSA
3a/JaHHOro AaBneHusl p B BbIGpaHHOM ceveHun kaHana
B 3aBMCMMOCTW OT AABMIEHNS Hayana npouecca oTKayvkm
Fig. 7. Schedule changes the time to reach a predetermined
pressure p in a selected section of the channel depending on
the pressure the start pumping process
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Torna pacnpezesncHue naBjieHUs 10 AauHe (puc. 6):

_ZqH(L—z)dz
PO=] "0

0

3Hasi pacrpeneseHHe AABICHHS 0 JUIMHE, MOXEM
MOJTy4YHUTh 3aBUCHMOCTD JIABJICHHSI OT BPEMEHH BaKyyMH-
POBaHUsI A5 JTFOOOTO CEUCHHUS OTKAUMBAEMON KaMephl.

Tak, 3Hasi JaBJeHHE B UHTEPECYIOIIEM CCYCHHH, Ha-
npumep, rae aasieHue p, = 3,2:10° a (u3 puc. 6), Mo-
JKEM OIPENeNIUTh BPeMsl OTKAYKH 10 HY)KHOTO JIABJICHUS
p =11la (puc. 7):

8 Vdp
2 et

Px

B pabore ObUIM MONMY4YeHBI MaTeMaTHIECKUE 3aBUCH-
MOCTH paclpeleNeHs AaBJIeHUs 10 JUIHHE Tpybomnpo-
BOJIa B YCTAHOBHBIIEMCS PEKHME TEUCHUS WM BIUSIHUC
BPEMEHH OTKAauyKd 00beMa B 3aBHCHMOCTH OT Hayallb-
HOTO JIaBJICHHMS ITpoLecca BaKyyMHPOBAaHUSL.
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