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TpaHcrOpTHBIN keno0 Kak BHYTpHOAKOBash KOHCTPYKLHS MPEAHAa3HAYCH I YACPXKAaHHUs U MOJIBOJA JKUIKOCTH
K 3a00pHOMY YCTPOMCTBY TOINIMBHOTO 0axa JBUraTeJIbHON YCTAaHOBKHM KOCMHUYECKOTO ammapara. TpaHCIIOpPTHBIH
JKeNo0 mpeACTaBIsieT co0O0M TEIECHBIN YToMl, YAep >KUBAIOIIUH KUAKOCTh 3a CUET KanmWULIpHBIX cuil. [locTpoeHa
MaTeMaTh4ecKasi MoJesIb paboThI TPAHCIIOPTHOTO kesio0a. BapbipoBaich BeIMUMHA TEJISCHOTO YIJIa U BEJIMYMHA
OCTaTOYHOTO YCKOPEHUsI Ha OOPTy KOCMHYEcKoro ammapara. CenaHa oleHKa 00beMa JKUIKOCTH, yIep)KUBAEMOTO
B TEJICCHOM YTJIE TPAHCIIOPTHOTO kenoda. [lomydeHHas oneHKa o3BoJsIeT yOemuThesl B 000CHOBAaHHOCTH BBIOpaH-
HBIX HH)KCHEPHBIX PELICHU [TPU KOHCTPYUPOBAHUH TOIUIMBHOTO Oaka. BHyTprbaKkoBasi KOHCTPYKIHs oOecednBa-
€T HeIPEPHIBHYIO ITOAATY JKH/IKOTO TOILIMBA B IBUTATENIFHYIO YCTAHOBKY B CAMBIX HANPSHKEHHBIX PEKIMax MOJIeTa
KOCMHYECKOTO aIapaTa ¥ MOATBEPKIAeT BEIBOABI O HaAEKHOH PaboTOCIOCOOHOCTH CHCTEMBI B IIETOM.

KonioueBsbie cioBa: BHyTpHOaKoBasi KOHCTPYKINS KaMJUIIPHOTO THIIA, TPAHCIIOPTHBIH 5KeI00, )KUIKOe TOIUTHBO,
JBHTaTeNbHas YCTaHOBKA, 3aMyCK JBUTATENsl, yCIOBUS HEBECOMOCTH, KAMIIIAPHBIE CHIIBI, MaTeMaTHIECKast MO-
JieJ1b, pab0TOCIIOCOOHOCTh CUCTEMBI TI0J[a4H JKHUKOTO TOILIMBA B JIBUTATEIILHYIO YCTAHOBKY

Ceplaka ps uutupoBanus: Koponsko A.B., Koponskosa JI.B., Canoxankos B.b., Macnos B.A. Onenka 00b-
eMa )KUAKOCTH B TEJIECHBIX yIVIaX TPAHCIIOPTHBIX JKeJI000B TOIUIMBHOIO Oaka KocMHUeckoro ammapara // JlecHoi
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Hpn MPOCKTUPOBAHUU CIIOKHBIX TEXHUYECKUX
CUCTEM K PEUICHUIO COBPEMEHHBIX MHKCHEP-
HBIX 3a/1a4 MPEbSABISIOTCS TOBBINIEHHBIE TPeOo-
BaHMsI, TAKUE KaK TOYHOCTH IMOJTYYaEMbIX Pe3yib-
TaTOB, 000CHOBAHHOCTh MPHUHSATHIX JIOMYIIEHUN U
MIPUMEHSIEMBIX METOJIOB PEIICHUS, IIPOCTOTA U TEX-
HOJIOTHYHOCTh M3TOTOBIICHUS OTJEIBHBIX Y3JI0B U
ycTpoicTB. MHKeHepHas paboTa cTajia 3HAYUTEIb-
HO OoJiee HayKOeMKoi. B ¢cBsi3u ¢ 3THM Bce yalie B
TEXHUUYCCKUX 3aJJaHUSX Ha BBIMIOJHEHUE CIOXKHBIX
WHXXEHEPHBIX padOT OTACIbHBIM IMYHKTOM YyKa3bl-
BaeTCsl HEOOXOUMOCTh ampoOaIlUy MOITYYCHHBIX
pe3ynbTaroB. B HacTosIel paboTe mpeacTaBIcHbI
K OOCYXJICHUIO PEe3yJbTaThl OLCHKU d(DPEKTUB-
HOCTH HCIIOJIb30BaHUsl OAHON M3 BHYTPHUOAKOBBIX
KOHCTPYKIH, 00€CIIEUNBAIOLINX HEMPEPHIBHYIO 10~
JAaqy KUJKOI'O TOIIMBA B ABUT'ATCIIbHYIO YCTAHOBKY
KOCMHYCCKOI'O alrrmapara B yCJIOBUAX, 6JII/I3KI/IX K
HEBECOMOCTH.

Lenb pa6oTbl

ITpu 3amycke ABUTaTeabHON YCTAaHOBKH KOCMH-
YEeCKOro armapara B yCJIOBHIX, ONIM3KUX K HEBECO-
MOCTH, HEOOXOAMMO 00ECTIEYUTh HEMPEPHIBHOCTD
MOTOKA JKUJIKOTO TOIUIMBA B 3a00pHOE YCTPOUCTBO
TorutuBHOTO Oaka [1]. nst pemenust 3Toi 3amaun
HCIOJB3YIOT Pa3InyHble BHYTPHOAKOBBIE YCTPOIi-
cTBa KanusipHoro tuma [2]. [Tokasarenem addek-
TUBHOCTH TaKHX YCTPOWCTB MOKHO CUHTATh 00bEM
YKHJIKOTO TOTUTUBA, TApaHTUPOBAHHO JI0CTABIISICMBbIi
B 3a00pHOE yCTPOUCTBO |3, 4].

TpancnopTHBIE xkeno6a [5—7] mpeacTaBisioT co-
00i1 MIACTUHBI, MPUKPEIUICHHBIC O]l HEKOTOPBIM
YIJIOM 0. K JIeMII(UPYFOIIUM ITeperopojakam (puc. 1).
OHU B yCIIOBHSIX HEBECOMOCTHU YACPKUBAIOT JKU]I-
KOCTh B 00pa30BaBIIEMCS TEJICCHOM yTJIC 32 CUET
KAMWJUTSIPHBIX CUJL.

Ha puc. 2 moka3aHbl BO3MOXHbBIEC MOJIOXKEHUS
JKUJIKOCTH B CEUCHHSIX 3a30pOB, 00pPa30BaHHBIX Te-
JICCHBIMU yIJIaMH TPAHCTIOPTHOTO Kelio0a, aemrdu-
pyHoIIeH meperopoKoi 1 CTeHKOH Oaka.

\ S & CIN 1]

Puc. 1. [TonoxeHne TpaHCIIOPTHBIX Ke000B B TOIUIMBHOM Oake:
1 — crenka 6aka, 2 —aemnupyomas Ieperopoka,
3 — TpaHCHOpPTHBIE XKenoda

Fig. 1. Position of the transport channels in the fuel tank:

1 — tank wall, 2 — dampening partition, 3 — transport

chutes
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MaTtepuanbl U MeTOAbI

CuuTaem, 4TO Yyroj CMauMBaHHS KHIKOCTBIO Ma-
TepHaia, U3 KOTOPOTO U3TOTOBIICHBI TPAHCIIOPTHBIE
xKelr00a, paBeH HyNI0 (KcalbHOe cMavynBaHue). B
Ka)KJIOM TOPU30HTAJILHOM CEUEHUH KPUBH3HA pasie-
J1a Cpesl MEKAY JKUJIKOCTBIO U T'a30M B BEpXHEH 4acTh
Oaka ompeaemnsieTcsl JaBICHUEM CTONI0a KHUIKOCTH
(puc. 2, a). Yem HMXKE YPOBEHb CEUCHHUSI, TEM 3aII0J-
HEHHE YIITyOIeHus Kenoda 1 MPOCTPAHCTBA MEXTY
XKenoOoM U CTEeHKOH Oaka Oosbllie, U HAa yPOBHE
H, yrnybnenue xeno0a 3aroJHeHO MOJHOCTHIO. B
HWXKHeW Jactu Oaka (ripu /1 < H\)) KHIIKOCTb 3aI1oJI-
HAET yriryOlieHue eao0a U MPOCTPAHCTBO MEXIY
XKeJI000M U CTEHKOH 0aka MOJHOCTHIO, M TUIOIIAAb
CeYeHHUs cT0JI0a KHUIKOCTH B TEJIECHOM YyIJIE OIpe-
JensieTcs pasMepamu xenoba (puc. 2, 0).

Paccmotpum ceueHne cTonda KHUIKOCTH B BEPX-
HeHl yacTh 0aka B TEJIECHOM YIJIE TPAHCIIOPTHOTO
xeno0a o Ha BBICOTE /1 HaJl YPOBHEM KHUAKOCTH B
Oake mpH yckopeHHu g (puc. 3).

/ :
\ d (h) o
a
/ :
dh \ «
o

Puc. 2. Bo3MoxxHOE MOJOKEHUE KUAKOCTU B TEJIECHBIX yT-
J1ax TPAHCIIOPTHOTO Keio0a U B IPOCTPAHCTBE MEKILY
JKeTTo0OM M CTEHKOI Oaka: B BepXHel yactu Oaka (a);
B HIDKHEH yacTu Oaka (6)

Fig. 2. Possible position of liquid in the solid corners of the
transport chute and in the space between the chute and
the tank wall: in the upper part of the tank (a); in the
lower part of the tank (6)

\Q

Puc. 3. TopusoHTaIBHOE CEYCHHE CTOIOA KUAKOCTH B BEPTH-
KaJILHOM TEJICCHOM YIJIE 0 TPAHCIIOPTHOTO jkeoba Ha
BBICOTE /1 HAJl YPOBHEM KHJKOCTH B Gake Mpu ycKope-
HUM g (BEpXHsA 4acTh Oaka)

Fig. 3. The horizontal cross-section of the liquid column in the
vertical solid angle o of the transport chute at a height
h above the liquid level in the tank at acceleration g
(the upper part of the tank)

Paguyc » MOBEPXHOCTH KHUIKOCTH OMPEACISICT
KanMWUIAPHYIO CHITY, YACPKUBAIOIIYO KHIKOCTh Ha
BBICOTE A:

(e}
n=-9_
peh="s
I[J'II/IHa 30HBI CMayUBaHU
Iy =

@

ITnomans cedenus cro0a KUIKOCTH

S(h) = r(h)I(h) —w.

O0BEM KUIKOCTHU B CTOJIOE BBICOTOM H

V =S(H,)H, + j S(h)dh.

H,

H, onpenensercs U3 ycioBus

o
pgH, = o
tg(?jlo

(mo BBICOTHI H|, 3am0JTHEHNE TEJIECHOTO YIJIa KUJ-
KOCTBIO TIOCTOSIHHO M OTIpefiesisieTcst ryOnuHoi /)
TEJICCHOTO yIJIa).

[Tocne mogcTaHOBKY U BBITIOIHEHUS! HHTETPUPO-
BaHMs NOTyyaeM (GopMyITy JUIs OTIpeeieHus o0bemMa
KHUJIKOCTH, yIEPKNBAEMOT0 KalMJUIIPHBIMH CHIIaMH
B TEJIECHOM YIUI€ BBICOTOM I
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Pe3ynbTaThl U 06CYXAEHME

MaxkcumaneHas iomans S(H,) ceueHus cronda
KHUJIKOCTH 3aBHCUT OT BEJMYUHBI TEJIECHOTO yIia o
(puc. 4). MakcumainbHas IJI0MIa b, & 3HAYHT, U MaK-
CUMAaJIbHBINA 00BbEM KUJIKOCTH B 3a30p€ JJOCTUTaeTCs
IIpH yTJie IpuMepHo 65°.

S(Ho)
0,000206 |-
0,000204 -
0,000202 -
0,000200 |-
0,000198 |-
0,000196 |-
0,000194 -
0,000192 -

0,000190 . . . . J
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Puc. 4. 3aBucumocts ruromay S(#,) TOpru30HTAIBLHOTO CEUSHHS
cTO0N10a KUIAKOCTH OT BEJINYHHBI TEIECHOTO YIJIa 0.

Fig. 4. Dependence of the area S(H,) of the horizontal section
of the liquid column on the value of the solid angle o

Cton0 5KUAKOCTH B TPAHCIIOPTHOM XKeJI00e Hero-
CPEICTBEHHO KOHTAKTUPYET C (pa3opa3iaenuTeIbHbIM
ycTpoiicTBoM (DY), yTo rapaHTHpPyeT HENPEphIB-
HOE MOCTYIJICHHE 00beMa V KHUIKOCTH B 3a00pHOE
YCTPOMCTBO NpH JIF000I rPaBUTAIIMOHHOW 00CTAaHOB-
ke. Hanbonee HanpsokeHHAasi CUTyalusi BOSHUKACT
npu oTOOpe OCTaTKOB TOIUIMBA U3 0aka, MOITOMY
BEJIMUMHY [ MOXKHO CUUTATh PABHOM PACCTOSIHUIO
oT BepHeil Kpblku DY 10 BepxHeii cTeHKH Oaka.

Ha puc. 5, 6 noka3aHna 3aBUCUMOCTb 00beMa KU I-
KOCTH B KaHaJIe TPAHCTIOPTHOTO Ken00a OT BETMYHHBI
OCTaTOYHOI'O YCKOPEHHMS MPH Pa3INYHbIX 3HAUCHHSIX
yria o, (H = 0,65; [,= 0,03; 5kuIKoCTh — OKUCIIUTEIIb).

B 10yiHO# HEBECOMOCTH TPAHCIIOPTHBIH KeJI00
3aMOIHEH KUIKOCTHIO TToHOCTRIO (H = Hy = 0,65):
V=S(Hy)H,.

Ha puc. 7 nokazana 3aBUCUMOCTb O0beMa KH/I-
KOCTH B TEJIECHOM yTIIe TPaHCIIOPTHOTO kenoba ot
BEJIMYMHBI yIJIa B YCIOBHUAX ITOJTHOW HEBECOMOCTH.

V a
0,00012 0. rpat
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Puc. 5. 3aBucuMocTb 00beMa JKUIKOCTH B OTHOM KaHAJIE TPAHC-
MIOPTHOTO ke100a OT YCKOPSHHs IPH PAa3IHYHBIX 3HAYe-
HIsIX yra o (/,= 0,03; )KuAKOCTh — OKHUCIIUTEb)

Fig. 5. Dependence of the fluid volume in one channel of the
transport chute on acceleration for different values of
the angle a (/, = 0,03, liquid — oxidant)
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Fig. 6. The detail of Fig. 5
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Puc. 7. 3aBucumocth 00beMa JKUIKOCTH B TEJICCHOM YIJIE TPaHC-
HOPTHOTO keJ100a OT BEIMYUHBI yIVIa B YCIOBHSX MOJ-
HOW HEBECOMOCTHU

Fig. 7. Dependence of the volume of liquid in the solid angle of
the transport chute on the magnitude of the angle under
conditions of total weightlessness
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BbiBOAbI

CrnenanHasi olleHKa 00beMa KUIKOCTH B TPaHC-
MIOPTHOM 3KeJ100€ TOTIMBHOIO 0aka KOCMHUYECKOTO
anrnapara 1o3BoJsieT YOeAUTHCSl B 000CHOBAaHHOCTH
BbIOpaHHBIX MH)KEHEPHBIX pelleHuil, o0ecneynBa-
IOLIUX HEMPEPBIBHYIO MOJaYy KHIKOTO TOILJIMBA B
JBUTaTEIbHYIO YCTAHOBKY B CaMbIX HalPsDKEHHBIX
peXuMax IoJjieTa KOCMHYECKOTO anmnapara U Hoj-
TBEPKACT BBIBOABI O HA/ICKHON paboTOCIIOCOOHO-
CTH CHUCTEMBI B IIEJIOM.
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ESTIMATION OF THE VOLUME OF FLUID IN THE SOLID ANGLES
OF THE TRANSPORT CHUTES OF THE FUEL TANK OF A SPACECRAFT
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'BMSTU (Mytishchi branch), 1st. Institutskaya st., Mytischi, Moscow reg., 141005, Russia
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Transport chute as intratank structure suitable for holding and supplying fluid to the intake device of the fuel tank
of the propulsion system of the spacecraft. The transport chute is a solid angle that holds the liquid due to capillary
forces. The mathematical model of the transport chute is constructed. The magnitude of the solid angle and the
amount of residual accelerations on Board the spacecraft varies. The volume of liquid held in a solid angle of the
transport chute is estimated. The resulting score helps to substantiate the selected engineering solutions in the
construction of the fuel tank. The intratank structure provides a continuous supply of liquid fuel propulsion system
in the most strenuous flight conditions of the spacecraft and confirms the conclusions about the reliable operability
of the system as a whole.

Keywords: Intratank capillary type device, transport chute, liquid fuel, engine system, start the engine, the
conditions of zero gravity, capillary forces, mathematical model, the performance of the system liquid fuel supply
in the engine system
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