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PaccmarpuBaercst 3a1a4a 0 MaJIbIX OCECHMMETPUYHBIX KOJIEOaHUSX ABYXCIOHMHON XKHUIKOCTH C Pa3Aeiu-
TeJIeM, BHIITOJTHEHHBIM HA OCHOBE MEHOMarepuaina. Pazienurens monaraeTcst )eCcTKUM U HenepopMu-
PYEMBIM, TEUEHHE >KUAKOCTH CKBO3b PA3JEIUTENh MOJIITUPYETCS KaK TeUCHNE C HEKOTOPHIM JIMHEHHO-
BSI3KAM COTIPOTHBIIEHHEM. JKUAKOCTH rmojiaraercst HaeaJbHOH U HEC)KHMAeMOH, ee TedeHHe — MOTEH-
LUaJIbHBIM. M3710KeH 9KCIIepUMEHTAIbHO-aHATITUUECKUI METOJ] HaXOXK/ICHUS TAKOro K03 pHULreHTa
conpoTuBieHus. PaccMaTpuBaeMast MOZIEIb MOXKET CITYXKHTh AJIS aHaIM3a JUHAMUYECKOrO B3aUMOJIeii-
CTBHSI )KUJIKOCTH M (ha30pa3/IeuTeNsi pa3rOHHOro OJIOKA MIIM CTAPIIHUX CTYIEHEH paKeT-HOCHTEIEH.

KaroueBble c10Ba: XHUIKOCTh; (pa3opa3aennTelb; 0CECHMMETPUYHBIC KOIECOaHNS; pa3ielUTeNb; Kod(-
(UOMEHT CONPOTUBIICHUS

BBeaenue

B pa6ote [1] paccmarpuBaiack 3aa4a 0 KoJieOaHUSAX IBYXCIOWHOM KUAKOCTH, pa3IeIeHHON
HenepopMHUpYEeMbIM MIPOHUIIAEMBIM pa3eTUTeNeM, TAe Ui ydeTa B3auMOACHCTBUS >KUIKOCTU
C pa3ienuTeneM BBOAUTCS MPUBEACHHBI KOA(POUIIUEHT, KOTOPBIA MPEANONaraeTcs OnpeaeisaTh
IKCIIEPUMEHTAIBHO, W, TAKUM 00pa3oM, 00OOIIATUCEH pe3yabTaThl [4, 5] Ha ciaydail ABMKEHUS
JIByXCJIOWHOM KUIKOCTH CKBO3b CONMPOTHBJICHUE. B HacTrosmielr paboTe pacCMOTPHUM SKCIIEpH-
MEHTaJIbHO-aHAIUTUYECKUI METO/ omnpenenaeHust koddduimenta conporusienus. B padore [6]
MCCJIEZIOBATIOCHh JBUKEHUE HJIeaIbHON, HEC)KUMAEeMO U HecTpaTu(hUIMPOBaHHOMN KHUAKOCTH CO-
BMECTHO C yIpyruM THUIIEM. B crarbe [7] uccienoBaiuch BOMPOCH YCTOWIHMBOCTA CBOOOTHOM
MOBEPXHOCTHU KHJKOCTU B YCIOBHUSIX Majioil rpaBuTanuud. CBOOOAHBIE OCECMMMETPUYHBIE KO-
nebaHus IBYXCIOMHON KUIKOCTH C HETIPOHHUIIAEMBIM Pa3JIeIUTENIeM UCCIEI0BAINCH padoTe [8].
Cxorkas ¢ [6] mocTaHOBKA 33]Ja4¥ C MHBIM ITOIXO/IOM K pa3perieHuto quddepeHnnaibHoro ypaBHe-
HUS IBYDKCHHS TUTACTHHBI peaTn30BbIBaiach B padore [9]. Pabora [10] mocBsiieHa uccie10BaHUIO

JBIDKEHUH CTPaTU(QHUIMPOBAHHOMN JKUAKOCTH COBMECTHO € YNPYTHM THHIIEM, pacCMaTpUBaCMbIM
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B BHJIC IIaCTUHBI. PaboThI [11, 12] moCBAIIEHBI HCCIICAOBAHUIO KOJICOAHHH MHOTOCITOMHBIX KU1~
KOCTEeH M pazaensmommx memOpan. B paGore [13] 3amada o gBukeHUM cTpaTUGUIIMPOBAHHON
KHUJIKOCTH, Pa3/IeIeHHOI MeMOpaHoii, paccMaTpuBaiach C MIPUMEHEHUEM ONEPATOPHBIX METOIOB
W HCCIICIOBAaHMEM CBOWCTB criekTpa. B pabote [2] uccienoBanuch koieOaHUs 00OIOYKU TPH
IIPOTEKAHMHM JKUJIKOCTH CKBO3b IIPOHHLIAEMYIO neperopoaky. Crarbs [14] nocsiueHna uccienosa-
HUIO 331a49K O MaJbIX JABMKEHUSX HEC)KHUMAEMOI KUAKOCTH, BITEKarOIIel 13 0aka Mpou3BOIbHON
(dbopMBI Yepe3 MIOCKYI0 MOBEPXHOCTH cinuBa. B [15] paccMoTpena 3ana4a, mopokaeHHast mpooiie-
MO¥ TIepepacnpeiesieHus TOIINBA, HaXOASIIET0oCs B 0aKaxX paKeT-HOCUTENCH MaKeTHON CXEeMBI, ¢
[EJbI0 TTOTYYUTh MaKCUMAIIbHBIM MPUPOCT SHEPTETHKHU BBIBEICHUS MOJIe3HON Harpy3ku. Ormnepa-
TOpHAsi TOCTAHOBKA 33]]aul O MAJIbIX JIBHXKCHHSIX )KHUJIKOCTH, BRITEKAIOIICH U3 0aka, pacCMOTpeHa
B [16]. B pabote [17] uccienoBanuch kojieOaHUs yIPyTOi MPOHUIIAEMOM Tepe- TOPOIKH, B3aMO-
JIEHCTBYIONICH ¢ ®KUAKOCThIO. B padorax [18, 19, 20] u3m0xkeHbI acleKThl 3KCTICPUMEHTATBHBIX

UCCJIEI0BaHUN Pa3feIIUTEIEH.

1. IlocTaHnoBKa 3amauM

Cxemarnueckoe n300pakeHre IKCIIEPUMEHTATBHOM YCTAaHOBKH MPUBEIEHO HA puC. 1.

Ha puc. 2 npusenena gororpadus marepuana pa3aenaurens (IEHOHUKEID).

Bynem paccmarpuBaTh IBHKEHUE )KUAKOCTH B Oake 1 (cM. puc. 1). BBenem cucreMbl KOOpAUHAT
B COOTBETCTBHH C puc. 3. JKHIKOCTh CuMTaeM HUACATHHOM W HEC)KHMMAEMOW, €€ ABUKCHHE —
0CECHMMETPUYHBIM U TIOTCHIHATBHBIM C MOTEHIIHAIoM ckopoctert D, (x;, r,t), i = 1, 2. Unpgexc 1
OTHOCHUTCS K 00beMY T, HHIIEKC 2 — K 00beMy 7. [1070CTh, 3aNI0THEHHYIO )KHIKOCTBIO, CIUTAEM
HAIMHAPUYECKOH paguyca R 1 abCONMIOTHO KECTKOM.

[Ipennonoxum, 4To CUJIa COIPOTUBIICHUS PA3ACIUTEIA Fi(r) (r,t) HOMUUHSETCS 3aKOHY

8@1 Xy, T,t
0%z, )

FO(rt) = =5
Ti

~ (1)

BuOpoBo30yauTeNs 3a1aeT 6aKy C JKUIAKOCTHEO BOSMYIIAIOLIEE IEPEMEILEHHE B BEPTUKAILHOM
HanpasneHun u(t) = ug cos(pt), Tae uy — aMILTUTY/Ia BO3MYIIAOIIET0 BO3ACHCTBYSI, P — YaCTOTa.
QKCHepI/IMeHTaJ'IBHOC HCCICI0BAHNEC CUMMETPHUYIHBIX CBO60}1HBIX KOJIEOaHUit X1 MMPOBOAUTCA MC-

TOJIOM BBIHYKJICHBIX KOJICOaHMIA.

2. [IpoBeaeHne 3KCIEepUMEHTA

DKcIepUMEHT COCTOMT U3 JIBYX 3TanoB. Ha nepBom sTane pasaenutenb oTcyTcTBYeET. [lepuon
ATUX KosiebaHuili — 7°, ero ornpenensieM HEMOCPEACTBEHHO IO JaHHBIM, moiydyaembiM ¢ DOBM,
CBsI3aHHOI ¢ Bo30OynuTeneM. ['paduk konebanuii mpeacTasieH Ha puc. 4. 3mech s(t) — BpeMeHHOI
MHOYKUTEIb B IOTEHI[MAJIE CKOPOCTEN

y(x,7,1) = A, ch(ﬁ;) Jo (Ag)s(t). @)
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Puc. 1. Cxema ycranoBku: [ — paznmenutens; 2 — 0ak ¢ XUAKOCTBhIO; 3 — Hampasistonme; 4 —
BUOPOBO30YIUTEIND
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Puc. 2. Pazgenurenb U3 MEHOHUKEISI Puc. 3. CucteMbl KOOpAWHAT, BBOIUMBIC TTPHUMCHHU-
TEJIHHO K 0aKy C )KHIKOCTBIO 1, 0003HaYCHHOMY Ha
CXeMe yCTaHOBKH (cM. puc. 1)

®opmyna (2) mpeacrasiser co0oi BelpaxkeHrne GyHKunu P it nepBoro ToHa CUMMETPUYHBIX
Kose0aHu >KUAKOCTH B Oake Oe3 paznenutens. ConpoTHBIeHHE KolleOaHUsM oTcyTcTBYeT. Ha
BTOPOM 3Talle UCCIIeLyI0TCs Konebanus 6aka ¢ pazaenureneM. Bo3OykaatoTcst cCHMMETpUYHBIE KO-
ne0aHus KHUIKOCTH M ONpe/IeNsieTcs eproy 1 mepBoro ToHa KoJieOaHUi CHCTEMBI C COIPOTHBIIE-

auto. [lonmaras mpnMdupoBaHre B cUCTEME JTMHEHHO-BSI3KUM HAaXOAUM KOA(P(PHUIMEHT 3aTyXaHHs

e (2 - ().

0 U3BECTHOU (hopmyIie

s(t)

T

Puc. 4. I'padux konebanuit
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rae n — kodhdunmeHT 3aryxanus 17; T’ — nepruoasl CHMMETHYHBIX KOJICOAHHI )KHUIKOCTH B Oake

y4eToM U 0e3 ydera pa3ieiauTelsi COOTBETCTBeHHO. TakuM oOpa3oM, nMeeM

o =27 (2) ~ (%) @

HI/I(b(bepeHHI/IaJ'ILHBIe YPaBHCHUA ABUKXCHUS MCXAHUYCCKOI'O aHaJIora UMCIOT BUJ

o’y o dy
@‘det*FCOy:O. (5)

B (5) peus uzmer o mepBoM TOHE CBOOOIHBIX KoeOaHUIl Oaka ¢ pa3ieiuTeneM, 3aoTHEHHBIM

Ha BBICOTY hy + hy. IlpuBenennyto maccy m’ BeraucisieM 1o Gopmyie

/ @16(1)1 dS; + / 0,222 d52 , 6)

IJe 0 — IUIOTHOCTB kuukoct; P, 9 — MOTEHIMATBI CKOPOCTEH JKUIKOCTH BBINIC M HUXKE
pa3faenuTeliss COOTBETCTBCHHO; N, Ny — BEKTOPHI HOPMAIA K CMAauWBAEMbIM ITWITHHIPHYECKHM
MTOBEPXHOCTSM BBIIIIE M HIKE PA3ACIUTEIIS; S, So — IJIOMAJH ITHX TOBEPXHOCTEH.

[Tpusenem (5) kK KAHOHUYECKOMY BUIY
y=0, (7)

TAE 2Nexp = — K03 UIMEHT 3aTyXaHUsl CUCTEMBI C paznenuTeneM. B nampHelmem Oynem

mo
NUCXOOAUTHh U3 HOCTyHaTa
Nexp = T (7)7 (8)

TIE Nexp — KOI(PUHUIMEHT 3aTyXaHHMs, MOJIy4aeMblil U3 KCIEpUMEHTa; Ny (y) — KoIpPHUIMeHT
3aTyXxaHusl, HaliICHHbI AaHATUTUYECKHU.
Jlanee ucmonb3yeM pe3yabTaThl, U3JIoxKeHHbIe B [1]. B aToif paboTe 4acTOTHBIN mapamerp p

HpI/IHHT B COOTBCTCTBHUMU C Hpe,Z[CTaBJIGHI/IeM
p=a+if,
BPEMEHHON MHOYKUTENb B BBIPAKEHUU JJIs TOTEHIMAIA CKOPOCTEH NMEIl CIIETYOIIUI BU:

ezpt _ efﬁt . ezat.

31ech MepBbId COMHOKUTENH BPEMEHHOTO MHOXHUTEISI B BRIPAXKECHUH JIJIS1 TOTEHIIMAJIA CKOPOCTEH
$ xapakrepu3yeT 3aTyxaHHe KoJeOaHHii, a BTOPOM — YacTOTy CBOOOJHBIX TAPMOHHYECKUX KO-
nebannii. Ha 3TOM OCHOBaHWM MOXHO yTBEpXkJaTh, 4To n. = (3. B BeIpakeHue s [ BXOAWT
BeNMYMHA UCKOMOTO Kod(ddummenTa y. Ha ocHoBanuu [1] MOXXHO MOTYYUTH TPAHCIICHACHTHOE
ypaBHEHHUE, B KOTOPOM OyIyT MPUCYTCTBOBATh BEIMUYWHBI v U (3. JI7Isl mepBOro ToHA KOJIeOaHMIA
ATO ypaBHEHUE UMEET BUJ

2035, ch()\l ) (0 — B)ad — 208\ + 203 sh( f;) sh<A1’;;) 0, (9
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rae \; — kopens ¢yHkimn beccens [-ro pona nepsoro nopsiaxa;

hi
sh ()\1 R> V) hl hl

g oge(ig) =

[ToncraBum B BeIpaxkeHue (9) BMeCTO v U [J MX 3HAUCHUS], HAWJICHHBIE SKCIIEPUMEHTAJIBHO, T.C.

§1=17

a = W1, B = Nexp. Torna us (9) nomyyum popmyiy At HCKOMOTo K03 GHIUEHTa Y, KOTOpas Moje

HECJOKHBIX ITpeoOpazoBanuii ¢ yueroM (10) mpumer Buj

A
(ngxp - W%)Xl + %XQ

h h A hi\ |’
TLeXp Sh()\le) [Ch()\l é) + m El Sh(>\1 ]%1>‘|

exp

h h h h

i = ch(AlRQ) ch()\lRl> + sh</\1RQ> Sh()\lR1>7
h h h h

R O B

3ak/IoueHue

rue

Takum 00pa3oM, Moka3zaHa CBS3b MEKAY aHATUTUYECKON 3aBUCUMOCTBIO K03 duitnenra 3ary-
XaHUS TPU CUMMETPHUYHBIX KOJIeOAHHSIX )KHUIKOCTH B 0aKe C COMPOTHUBICHUEM C KOAPPHUIINEHTOM
3aTyXaHUs OINpPEIeNIeMbIM IKCIIEPUMEHTAIBFHO, YTO TO3BOJISIET OCYIIECTBUTH SKCIEPUMEHTAIh-
HOE OTpeiesICHHEe 3HaueHHnEe K03 PHUIIEHTa COPOTUBIICHUS 7y C LEIBI0 JaTbHEHIIIETo MOAPOOHOTO
WCCIICIOBAHUS IMHAMHUKH B3aUMOJICHCTBUS JKUJAKOCTH C pa3/ICIUTENICM.

PaGora BeimonHeHa B pamkax rpanta [Ipesuaenra PO HIII-4058.2014.8.
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The paper considers a problem of small axisymmetric oscillations of two-layer liquid with
a foam-based separator. The separator is supposed to be rigid and non-deformable, liquid flow
through the separator is modeled as a stream with a certain linear-viscous resistance. The liquid is
assumed to be ideal and incompressible, its stream being potential. The paper presents experimental
and analytical method for finding such a drag coefficient.

The work [1] considered the problem of oscillations of a two-layer liquid divided by non-
deforming permeable separator where, taking into consideration the interaction between liquid
and separator, a reduced drag coefficient is introduced, which is expected to be determined ex-
perimentally, thereby generalizing the results of works [4] and [5] in case of moving two-layer
liquid through a resistance. The work [6] investigated the motion of ideal incompressible and
non-stratified liquid together with the elastic bottom. The work [7] studied a stability of the free
liquid surface in low gravity. The paper [8] examined free axially symmetric oscillations of a
two-layer liquid with an impermeable separator.

Analytical dependence for the drag coefficient obtained in the paper [1] contains the frequency
values of free harmonic oscillation system with no resistance (with a missing delimiter) and the
damping coefficient for the system with resistance (with a separator available). These values can
be obtained experimentally if the tank model oscillations with a separator and without it are excited
and the natural frequencies of these oscillations are determined. The model under consideration
can be used to analyze dynamic interaction between liquid and phase separator of the upper stage
or launch vehicle stage and provide ground experimental method for the starting systems from the

gravity-free state and low gravity one.
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The article shows the relationship of the analytic dependence of the damping coefficient at
symmetric oscillations of liquid in a tank with resistance to the damping coefficient obtained
experimentally that allows us to determine experimentally a drag coefficient value for further

detailed study of interaction dynamics between liquid and separator.
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