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AHHoTanHs. C [IOMOIIBIO MeTOAA YIJIOBBIX KO3OUIIMEHTOB, pealn30BaHHOro B ItakeTe COMSOL Multiphysics,
paccuMTaHa CyMMapHas IIPOBOJMMOCTS Ie/IeBbIX KaHaJI0B POTOPHOTO MeXaHM3Ma JIBYXPOTOPHOIO BaKyyM-
HOro Hacoca tuIa Pytc. IIpoBeseHO CpaBHeHME MOAYYeHHbBIX PACYETHBIX JAHHBIX C 3KCIIePUMEHTA/IbHBIMH
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Abstract. With the aid of the angular coefficients method implemented in COMSOL Multiphysics, the total con-
ductivity of the slotted channels of the Roots type double-rotor vacuum pump rotor mechanism was calculated.
The obtained data was compared with the experimental values obtained by blowing the DVN-50 pump at differ-
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BBEJEHUE

B HacTosiee BpeMsl CJIOKHO IIpe/ICTaBUTh cebe oTKau-
HYIO CUCTeMY, obecriedrBaONyo [I0JyYeHHe Cpel-
Hero M BBICOKOIO BakyyMa, 6e3 6ycTepHBIX BaKy-
YMHBIX HAaCOCOB, CYLI@CTBEHHO COKPaIalIUX
BpeMs OTKa4KH M CHHUXKAIIIKUX OCTaTOYHOE JaBJjie-
HHe B paboudell kaMepe. B KauecTBe TaKHX HaCOCOB
Yalre BCero UCI0/Ib3yYTCSA LBYXPOTOPHBIE BAKYYM-
Hble HaCOCBI THIIA PyTC, KOTOPBIE C YYETOM IOy~
YaeMOro C UX IIOMOIIbI0 6e3MacsiHOI0 BaKyyMa
NpakTHYeCKH He3aMeHHMBI.

Kak u3BecTHO, pabouni nmpouecc B [IBH (puc.1)
CKJIAABIBAETCS M3 ABYX COCTABAAIOIIMX: Ilepe-
HOCa pOTOpaMH OTCeUYeHHBIX 06beMOB CO BXOZa
Ha BBIXOJ U OOpaTHBIX IepeTeKaHUM C BBIXOAA
Ha BXOJ, 3a cyeT Iepelaja AaBJIeHHUH U TeMIle-
paTyp 4depes ImeseBble KaHAJIbI POTOPHOTO MeXa-
Hu3Ma. CooTBeTCTBeHHO 3¢ddPekTUBHOCTL [IBH
oIpejensgeTcs KMeHHO COOTHOIIeHHEeM 3THX IBYX
IIPOLIeCCOB.

BenuuuHBI 065€MOB, IEPEHOCHUMBIX POTOPaMU
332 ogUH 060POT, U BeTMYNHA 0OPAaTHBIX [TepeTeKa-
HHUH depe3s IejeBble KAHAJIBI 3aBUCAT OT IPOQUIS
potopa. Ilpu BeibOpe THUIIa IPOPHUIIS U eT0 TeoMe-
TPUUYECKHX [IAPAMETPOB HY>KHO CTPEMUThHCS K yBe-
TUYeHHUIO OTCEYeHHOro obbema, IepeHOCHMOr0
poTopaMM, TO eCTh K yBeJIUYEHHIO FTeOMeTpHYe-
CKOM OBICTPOTHI IeFICTBHUSI M CHUKEeHHI0 0OpaTHBIX
IepeTeKaHHU M (IPOBOAKMMOCTH) IIeeBbIX KaHAJIOB.

FeomeTpuueckas 6picTpoTa HBJL ommpenensercs
1o popmyie:

S: = 2nR’Lny, 1)

rae Ru L - paguyc U AJIMHA POTOPA; N - 4aCcTOTa
BpallleHUSI POTOPOB; X — KOIQPUIIMEHT HUCIIOJb-
30BaHUs pabouero obbvema, ompenensieMbli
13 COOTHOIIeHUS:

x =1-f,/nR?, (2)

rae f, - mIomab momepevyHOro ceYeHus poTopa.

TakuMm obpasom, Ipu 3aflaHHBIX R 1 L Heobxo-
JIHUMO CTPEMHUTHCS K YBeJIMUeHHI0 Ko3pdHUIleHTa
X

ObpaTHBIN MOTOK 4Uepe3 IeJieBble KaHaJIbI
XapaKTepU3yeTCs UX IPOBOSUMOCTbIO. [IOCKOJIBKY
IiesieBble KaHaabl JJBH BKIIOYeHEI I1apaJ/ijie/IbHO,
TO CyMMapHas HPOBOOHMMOCTh ONpelesisieTcs
B Buze [1, 2]:

UZ = UPKI + UPKZ + UPP + UTl + UTZ ’ (3)

rae Upg;, Upg, ~ IPOBOLHMMOCTH PaHalbHBIX KaHa-
70B (Me>ky TOJIOBKOM POTOPa KM LMIHUHIPUUECKUM

INTRODUCTION

Nowadays it is difficult to imagine a pumping system
ensuring a medium or high vacuum without booster
vacuum pumps, which considerably reduce the pump-
ing time and the residual pressure in the working
chamber. The most commonly used vacuum pumps are
of the Roots-type double-rotor vacuum pumps, which
are practically indispensable because of obtaining oil-
free vacuum.

As it is known, the operation process in a double-
rotor vacuum pump (DRVP) (Fig.1) consists of two com-
ponents: transfer by rotors of cut-off volumes, from inlet
to outlet and backflows from outlet to inlet due to pres-
sure and temperature differences, through slotted chan-
nels of the rotor mechanism. Accordingly, the efficiency
of the DRVP depends on the ratio of these two processes.

Values of the volumes pumped by the rotors per a
revolution and the amount of backflow through the
slotted channels depend on the rotor profile. When
selecting the profile type and its geometric parame-
ters, the aim should be to increase the cut-off volume
pumped by the rotors, i.e. to increase the geometric
speed of actuation and reduce the backflow (conduc-
tivity) of the slotted channels.

The geometric speed of the DRVP is determined by
the formula:

S: = 2nR’Lny, o)
where R and L are the radius and length of the rotor;

n is the rotor speed; x is the volume utilisation factor,
determined from the ratio:

X = 1-f, /mR?, )
where f; is the rotor cross section area.

Thus, for a given Rand L, one should aim to increase
the coefficient .

Puc.1. Cxema pomopHozo mexaHusma [ABH
Fig.1. Configuration of the Roots vacuum pump rotary mechanism
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Koprycom), Upp - IPOBOAUMOCTH MeXPOTOPHOIO
kaHana; Uy, Up, - IPOBOAMMOCTH TOPILIEBBIX
KaHaJoB.

C TOYKHY 3peHHsS MHUHHMMMU3ALHUU IIepeTeKa-
HUU ONTUMaAbHBIM A5 [IBH siBisieTcs MoJIeKy-
JSIPHBIM Pe>XUM TedeHHS B Ile/leBbIX KaHalax,
IIOCKOJIBKY 37€Ch IPOBOOMMOCTh MUHHMAaJIbHA.
H3BeCTHO, YTO HPOBOAMMOCTE KaHajia IIPOU3BOJIb-
HOM GOPMBI pacCUUTEIBaeTCA 110 dopMmyiie [1-3]:

U= %LSK3 , (4)

rae C - cpeqHeapudMeTHYeCcKasi CKOPOCTh MoJle-
Kyn rasa; K; - KoooPUIHMeHT NPOBOAUMOCTH
IJISL COOTBETCTBYIOIIEro KaHanla.

METOAbI UCCIEAOBAHUA

Jnsa HaXOXOeHHs MPOBOOUMOCTH KaHaJIOB IIPHU
MOJIEKY/JIAPHOM peXXHMMe 4dallle BCero MCIIOJ/Ib-
3yloTca MeTod MoHTe-Kapio (MMK) unu Meton
yraoBeIX Ko3dounreHTos (MYK). B paborax [3, 4]
paspaboTaH MeTo[ pacueTa IPOBOAUMOCTH KaHa~
JIOB, UMEIOIIHNX B HEKOTOPOM CeYeHHH MHHHU-
MaJIBHBIM 3a30p. IMeHHO TaKOBBIMH SBJISIIOTCS
PadHalbHBIM U MeXPOTOPHBIH KaHanaw JBH.
Jns TaKUX KaHaAJIOB COIIPOTHBJIEHHE OIlpeens-
eTCd y4acTKOM B MeCTe MHHMMAaJIbHOIO 3a30pa
Y CTeHKH MOTYT OBITh 3aMeHeHBI yTaMH OKPYK-
HOCTHU C paguycaMmu R1 u R2. B paboTe [2] mpoBe-
OeHBI IIPOAYBKH ABYXPOTOpPHOro Hacoca JBH-50
npousBoncTBa AO "Bakyymmam” [5] mpu pa3nud-
HBIX yIJIaX IIOBOPOTa POTOPOB. ITony4yeHHbIe 3HA~
YeHHU S IIPOBOAHMMOCTH I10 BO3AYXY U COOTBETCTBY-
IOIlMe 3HAYeHHU I 3a30POB IIPeICTaB/IeHbl B Tab.1.
3aMephl OCYIeCTB/ISIMCE Yepes 15°. 3a30pel H3Me-
PAHCH C IOMOIIBIO IYIIOB. B 3TOM ke Tabnuie
IpencTaBJeHbl Pe3yJbTaThl pacyeTa IO METO-
auke pabor (3, 4]. IIpoBOAMMOCTD TOPLI@BBIX KaHa~
JIOB PaCCYMTBIBAACh C MCIIONIb30BAHUEM QoOp-
MyJIBI /151 IAUHHOM IIJIOCKOM IenHu [6]. TopLeBble
3230PBI C IBYX CTOPOH OBITM OMHAKOBBI K COCTAB-
nganu mo 0,11 mMm. CpemgHee mo yray ImoBopoTa
OTKJIOHEHHE pe3yJIbTaTOB pacyeTa II0 MeTOLKKe
pabor [3, 4] oT 3KRCIIeprMeHTa coCTaBseT 13,8%.

B HacTosmenl paboTe cymMapHas IPOBOAHU-
MOCTh KaHasioB JIBH paccUMThEIBaach C IIOMOIIBIO
naketra COMSOL Multiphysics [7], B KoTopoM pea-
NKr30BaHBI MeToAbl MMK 1 MYK. HecMoTps Ha TO,
410 MMK sIBnsieTCsI, MOKaNyH, 6olee yHHUBepCalb-
HBIM MeTOJIOM, B HacTosI el paboTe pacyer npo-
BOJUMOCTH BBIIIOJIHUM C moMolIpio MYK. Takon
BBI6OP 06BsICHSETCS CIelUPUKOM HCCIeyeMBIX
KaHaJIOB — UX 3HAYHUTEJTbHOMN IMPOTIKEHHOCTBIO
Y MaJIOX BePOSTHOCTbIO IPOXOXKIEHHUS MOIEKYII,
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The return flow through the slotted channels is
characterised by their conductivity. Since the slot-
ted channels of the DRVP are operated in parallel, the
total conductivity is defined as [1, 2]:

UZ = UPKl + UPKZ + UPP + UTI + UTZ 4 (3)

where Upy, and Upy, are radial channel conductances
(between rotor head and cylindrical body), Uy are the
inter-rotor channel conductivity, U, and Uy, are end
channel conductivity.

From the viewpoint of minimizing overflows, the
optimal flow of the DRVP is the molecular mode of
flow in slotted channels, since here the conductivity is
minimal. It is known that the conductivity of an arbi-
trarily slotted channel is calculated by the formula
[1-3]:

U= %LSK3 , @)

where C is the arithmetic mean velocity of the gas mol-
ecules, K, is the conductivity coefficient for the corre-
sponding channel.

RESEARCH METHODS

In order to find conductivity of channels in the molec-
ular mode, the Monte Carlo method (MCM) or angular
coefficient method (ECM) are most commonly used.
In (3, 4] a method of calculating conductivity of the
channels having minimal clearance in some cross-
section has been developed. The radial and inter-rotor
channels of an DRVP are just of such kind. For such
channels the resistance is determined by the section
in the place of minimum clearance, and walls can
be replaced by arcs of circle with radii R; and R,. The
blowdown [2] of two-rotor DVN-50 pump manufactured
by "Vakuummash" JSC [5] at different rotor rotation
angles was carried out. The resulting air conductiv-
ity values and the corresponding gap values are shown
in Table 1. The measurements were taken in 15° steps.
The gaps were measured using feeler gauges. In the
same table the results of calculations according to the
method of works [3, 4] are presented. The conductivity
of the end channels was calculated using the formula
for a long flat slot [6]. The end clearances on both sides
were the same and equaled 0.11 mm each. The average
deviation of the calculation results from the experi-
ment is 13.8% according to the methodology presented
in 3, 4].

In the present paper, the total conductivity of the
CVD channels was calculated using the COMSOL
Multiphysics software package [7], which implements
the MMK and ICC methods. In spite of the fact that
the MMK method is probably a more universal one,
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Tabauya 1. CymmapHas nposodumocme KaHanos JBH muna Pymc

Table1. Total conductivity of Roots-type DRVP channels

Pacuet
no MeToauke
pa6ort[3, 4]
Calculation
according
to work
methodology

Yron
nosoporta
poTopoB
Rotor turn

DKCMepUMEeHT,
pa6otbi [2]
Experiment,
works

angle

Pacyer COMSOL
Multiphysics
Calculations

OTK/IOHEeHue
pacyeta B COMSOL
Multiphysics
OT 3KCMepuMeHTa
Deviation of the cal-
culation in COMSOL
Multiphysics from
the experiment

OTK/I0HEeHue pacyeTa
no metoauke pa6or [3, 4]
OT 3KCMepUMeHTa
Deviation of the calcu-
lation according to the
methodology, [3, 4] from
the experiment

0 0,352 0,297 0,315 5,71% 18,52%
15 0,587 0,45 0,501 10,18% 30,33%
30 1,067 1,088 1,09 0,18% 1,93%
45 0,958 0,991 0,96 3,23% 3,33%
60 0,85 1 0,96 4.17% 15,00%
75 0,562 0,442 0,49 9,80% 27,15%
90 0,373 0,31 0,35 1,43% 20,32%
105 0,524 0,484 0,49 1,22% 8,26%
120 1,04 1,2 1,1 811% 13,33%
135 1,008 1,065 1,068 0,28% 5,35%
150 0,903 1,18 1,1 6,31% 23,47%
165 0,644 0,6 0,621 3,38% 7,33%
180 0,335 0,326 0,33 1,21% 2,76%
195 0,718 0,678 0,69 1,74% 5,90%
210 1,205 1,52 1,33 14,29% 20,72%
225 1,045 1,49 1,31 13,74% 29,87%
240 1,096 1,51 1,25 20,80% 27,42%
255 0,684 07 0,69 1,45% 2,29%
270 0,378 0,335 0,355 5,63% 12,84%
285 0,577 0,458 0,491 6,72% 25,98%
300 1,076 1,1 1,066 3,19% 2,18%
315 113 1,187 1,155 2,77% 6.23%
330 1,112 1,385 1,255 10,36% 19,71%
345 0,714 0.7 0,712 0,28% 0,56%
/35552?5 0,788 0,854 0,821 4,10% 7,73%
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4TO TpebyeT 3HAUHTEIbHBIX 3aTPAT MAIIKHHOLO
BpeMeHH.

Kak u3BectTHO, MYK OCHOBaH Ha aHAJIOTHH
MeKIy TeyeHHeM rasa B KaHajJaX ¢ IUPPY3HBIM
OTpaskeHHEM OT CTEHOK U JIyYHUCTOTO TellyloobMeHa
B JHaTepMHYECKHUX 3aMKHYTHIX cpefax. CTeHKH
KaHaja U IIOBEePXHOCTH BXOAA K BBIXOAa pa3bu-
BAaIOTCs Ha 3JIeMeHTapHBbIe IJomaaku. OT Kaye-
CTBa pa3breHUs [IOBePXHOCTH 3aBUCUT TOYHOCTH
ydeTa KPUBH3HBI CTEHOK KaHasla. [JIs KaskI0H I1710-
IMagKHU PacCUMUTBIBAETCS YITIOBOM KO3QPHUIIUEHT,
KOTOPBIH IIPe/IcTaB/sieT CODOM 1010 IOTOKA MoJle-
KYJI, UICXOASIIEro oT OAHOM 3JleMeHTapHOM II0BePX-
HOCTH U IIaJaMero Ha Apyryio. Torosas Beu-
YKMHa KO3QPUITHeHTa IPOBOAUMOCTH OIlpefe/iseTcs
MHTeIPUPOBAHHEM II0TOKOB OT BCeX 3JIeMeHTapPHBIX
OJ0IIAJOK OTHOCUTEJbHO BXOJAHOMN U BBIXOJHOH
IoBepXHOCTel. Hauay4Iyo cXoOAMMOCTh SKCIIEPH-
MEeHTAa C pacyeToM I10Ka3ajl MeTOoJ MHTeIpUPOBaHU S
Hemicube c paspemenuem 1024 Touek Ha SIOHM.

PE3Y/IbTATbI U OBCYXAEHUE

JaHHBle TabJIHUIBl IOKA3BIBAIOT, YTO OTKJIOHE-
HHe pe3ynbTaToB pacuera B COMSOL Multiphysics
KMeIOT B [1Ba Pa3a MeHblllee OTKJIOHeHHe OT 3KCIIe-
PHMeHTa. DTO CBSI3aHO C 3aMeHOM pealbHOM reo-
MeTPHUHU CTeHOK KaHaja Ha AYIH OKPY>XXHOCTH,
HCIoab3yeMoH B paboTtax [3, 4]. CaMo OTK/JIOHEHHUe
pacuyeToB OT 3KCIePHMEHTA BhI3BaHO HEBO3MOKHO-
CTHIO TOYHOTO OIlpeJie/IeHHUs 3a30POB B POTOPHOM
MexaHH3Me.

BbIBOJbl

[IpoBeseHHbBle pacyeThl [OKa3ajlH IepCIeKk-
TUBHOCTbh HCIIOJNBb30BaHUSI MmakKerta COMSOL
Multiphysics nns pacyeToB TeyeHUs ra3a B KpHU-
BOJIMHEHNHBIX KaHalaX BAaKyyMHBIX HAaCOCOB IIpU
MOJIEKYISAPHOM pesxkuMe. CTOUT OTMETUTH, YTO
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B OTEJILHOCTH, a [I/IsI BCero POTOPHOr0 MeXaHM3Ma
IBH B cbope.
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Puc.2. PacuemHas 06aacmb ¢ nocmpoeHHol cemkol
Fig.2. Computational domain with the generated net

in the present work the conductivity calculation is
performed using the ICC method. Such choice is
explained by the specificity of the channels under
study - their considerable length and low probability
of passage of molecules, which requires a consider-
ably long machine time.

As it is well known, the ICC is based on the anal-
ogy between gas flow in channels with diffuse
reflection from the walls and radiant heat trans-
fer in diathermic confined media. The channel
walls and inlet and outlet surfaces are split into ele-
mentary areas. The quality of the surface splitting
determines the accuracy of the channel walls cur-
vature. For each area, an angular coefficient is cal-
culated, which is the fraction of the flow of mole-
cules coming from one elementary surface and fall-
ing on the other. The resulting conductivity coeffi-
cient is determined by integrating the fluxes from
all elementary sites relative to the inlet and outlet
surfaces. The best convergence of the experiment
data and the calculation data was shown by the
Hemicube integration method with a resolution of
1,024 dpi.

RESULTS AND DISCUSSION
The data in the table show that the deviation of the
calculation results in COMSOL Multiphysics has
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cmasAexHyto 8 daHHOI cmambe.

two times less deviation from the experiment. This
is due to replacement of real geometry of channel
walls with arcs of circles used in [3, 4]. The devia-
tion of calculations from the experiment is caused
by impossibility to accurately determine the clear-
ances in the rotor mechanism.

CONCLUSIONS

The calculations have shown good prospects to use
the COMSOL Multiphysics software package for
calculations of gas flow in the curved channels of
vacuum pumps in the molecular mode. It is worth
noting that the calculations were not carried out
for each channel separately but for the whole rotor
mechanism of the DRVP assembly.
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