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/Ininpoecvkuii nayionanonuii ynieepcumem im. O. I'onuapa, Yxpaina

CUCTEMA HAJJAYBAHHS BAKA ITAPAMU KUCHIO 3 OYNIIEHHAM
BIJ NPOAYKTIB 3I'OPAHHSA

Pozensnymo pusuku 3acmocysants KOIUCh HAUNOWUPEHIWOL cucmemu HA0Oy8anHs Oaxka 3 piOKUM KUCHEM
tioeo eapsiuumu napamu (@ay-2, Saturn-V, 11K63, P-9A4). Hasenicmo mizepHoi KiibKocmi KOHOeHCO8aHOI ¢hasu
(600a, eyenexucioma) 6 piOKOMYy KUCHI (niciisi GYCMEpHO20 HACOCY) 6 cxeMax O8USYHI6 3 OONAOS8AHHSAM
OKUCTIOBANILHO20 2EHEPAMOPHO20 2d3Y GUKIUKAE NOOOIOGAHHA Y NPOEKMAHMIE cucmem HA0OY8aHHs OAKis.
Hocniooceno modiciugi KOHCMPYKMUGHO NPOCMI WIISAXU OYUUWEHHS OKUCTIOBAILHO20 2eHePAMOPHO20 2a3y i
PiOK02o KucHio 8i0 KoHOencosanol ¢hasu. Hasedeno ix ousaun. I[loxkazano egpexmuenicmos naposux cucmem Ha

npuKnaoi 6aKy 3 KUCHeM HOCIsL cepeOHb020 KIac).

Knwowuosi crosa: 6ax 3 kucnem, HA00y8aHHs NAPAMU, 2EHEPAMOPHULL 2d3, KOHOEHCAM, OYUWEHHS NaPIe.

Beryn

Yomy x aBTOHOMHI cucTeMu HammayBauHs (CH) 3
BUKOPHCTaHHSIM OCHOBHHMX KOMIIOHEHTIB ITajMBa 3apas3
HE 3aCTOCOBYIOTBCSI HAa KOCMIYHHMX pakeTax-HOCisxX
(PH)? Ha nanry nymKy npu4mH TYT JIekinbka. [lepma —
Cyd4acHI aMEpUKAHChKi 1 €BpPOIEHChKI TMPOEKTaHTH
CHCTEM OKHMBIICHHS pyliHUX YycraHOBOK (PY) He
MalOTh BEJIMKOTO IO3UTUBHOTO YKPaiHCHKOTO JOCBiIY
MPOEKTYBAaHHSA  KOHCTPYKTHBHO
HAyYKOEMHHX, JIOCTaTHbO CKJIQJHHUX Y BIAIIpaIlfOBaHHI
CH nanuBaux OakiB psagy piauaHux MBP. B cBoro
yepry Kb «IliBgenne» 3 modaTky npoekryBanHsi PH
«3eHiT» Oya0 TpUpEYeHO HAa BHUKOPHCTAHHS TeIil0
3TITHO 3 TMOCTAHOBOIO Ypsay INpo B3aeMo3B'si3ok PH
"3enit" i PH "Eneprisa". ¥ I'KHIIL] im. Xpyniuesa (PD)
B3arami PH «Amnrapa» ¢aktuuyHo cranma Iepiioro
PO3pOOKOI0 HOCISI HA KPIOTEHHOMY TTaJIMBi.

Opna 3 mpuunH (BoHAa 3, MaOyTh, i OCHOBHA)
noyisrae B TOMY, WIO 3BUYHMHA JUIi PaKETHHKIB
OKHCIIIOBAJIbHUIN TeHepaTOpHui ra3 npu ocBoeHux B CH
TemIepaTypax Mictuth 10 5% KoHaeHcoBaHOi (a3u
(H,O 1 CO;) [l1]. Hampuknmax, mis yMOB 0Oaka
okucmoBaya | cryneni PH «3enit» Teopernuno B 6ax
MoXxe rmomnactd Oim3bko 20 Kr JbOXYy Ha CTiHKH,
BHYTPIIIHLO0OAKOBI IPUCTPOI Ta J3€pKajo KHCHIO.
HamnyBanHs ok KHCHEM, SKHH BUIapyBaBcs B
terooominauky (TO) (sx Ha day-2, Saturn-V, 63Cl1,
P-9A), He BupilIye NOBHICTIO JaHy MPOOJIEMY — MPUBIA
Oycrepa OKMCIIOBada Ha CYy4aCHHX JBUTYHAX IPAIOE
Ha TOMY X OKHCHOMY T'€HEpaTOpPHOMY Ta3i, SIKHHA Micis
Horo TypOiHM CKHUIA€ThCS B BUAATKOBY MaricTpaib. B
JTAHOMY BHIAJKy B 0aK MOXKE IONACTH CYTTEBO MEHINA
KUIbKicTh  KOHmeHcaty < 250r BomsHOoi mmapu i
BYIVIEKHCIOTH. Takox CIij 3ayBa)KMTH, MIO HIsSKOI

MIPOCTHX, ane

IIKOIH ISl CUCTEM JIBUTYHIB (HANPUKIA, JJIS JIFOYHX
meuryHie ~ PJI-171M, PI-180, PO-191) s
koHaeHcoBaHa (asa B LOX He poOmna i He pOOUTH.
BunpoOyBannsi piguHHux paxetHux asurysiB (PPJI)
MIPOBOJIATH 3 OAraTopa3oBHM 3aracoM IO Maci TBEpAOl
¢a3m.

Merta a0cCaiTKeHb

MeToro TpOBENEHUX JOCHIDKECHb € ITiJBUIICHHS
edexruBHocTi CH Oaka okuciTIoBava NUIIXOM PO3POOKH
Ta BHpoBajpKeHHS aBToHOMHOI CH rapsummu mapamu
kucHio. Kommonentn nanusa — piakuii kucensb (LOX) i
PI'-1. MerogoM BuUpIlIEHHS IOCTaBIEHOI 3agadi €
aHaymi3 (I3MYHUX YMOB, TIPH SIKMX BigOyBa€eThCS
kougencamis H,O 1 CO; B 0akax, 3HaXOIKEHHS
PEKHUMIB, IO BHUKJIIOYAIOTh a00 CYTTEBO 3HMKYIOTH iX
KOH/ICHCAIIil0 Ha TOBEPXHsX Oaka i, B Iepiry uepry, Ha
JI3epKaji OKHUCIIOBAYA.

Bukj1ax 0oCHOBHOT0 MaTepiajy A0CTiIKeHHs

Haii6inpi  HeOe3neyHOo Juisi poOOTH  pi3HOTO
POy BHYTPIIIHLO0AKOBHUX MPHUCTPOIB B 0aKy 3 KHCHEM
€ KoHjeHcauis Boau i ii 3amep3anHs. Teepma ¢asza B
MAJIMBHOMY OaKy HeOe3MeUHa B CHITy YHCTO MEXaHIYHUX

mepemkon  (TEOpeTHYHA  MOXKIIUBICTH — YTBOPEHHS
TBepmoi  (asu  HebakaHMX pO3MIpPIB) I  pOOOTHU
MOIUTABKOBUX ~ IPHUCTPOIB,  3abipHOr0  IPHCTPOIO,

(inbTpa HA BXOI B PETYJIATOPH, B IBUTYH Ta iHIII.

JlBookuc Byrnemo 3amepsac npu —78°C. Sk
BIJIOMO, TeMIIepaTypa 3aMep3aHHS BOAU CYTTEBO BHIIA
3a JBOOKHC ByIJempo. Tomy, SKII0O MU YHHKaEMO
BHIIAAiIHHA B Oaky TBepmoi (a3u BOIHM, TO BUITAIHHS
TBepmoi (pa3u  JBOOKUCY BYIJICHIO BHKIIIOYAETHCS
aBTOMATHUYHO.

© 10. O. Mirikos, 1. 1. IyOpoBcbkwii
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BimoMo,koHaeHCaIlisT MOXKe OyTH 00’€MHOI0 Ta
noBepxHeBow [3]. PosrnsHemo mnepmy 3 Hux. s
BHHUKHEHHS 00'€éMHOI KOHJICHCAIlii BOASHOI IMapy BOHA
MOBUHHA OYTH TIepeHacH4eHo0. ToMy JUIs BUKITIOYEHHS
3a3Ha4eHOI KOHJeHcalii HeoOXiqHO MaKCHMaJbHO
IIBHAKO TWiJHIMATH TEMIEpaTypy ra3y y BiJIbHOMY
00csi31 0aka 1 1O MOMIJIMBOCTI 3a0e3rmedyBaTd HOro
MiHIMaJIbHO MOXKJIMBUIA THCK (BUTpAT Ha HaJIyBaHHS —
MOTCHINHA KIJTBKICTh MOXIIHUBOIO KOHACHcATy) [4].
Takok cmig 3a3HauuTH HacTynHe. [lpu HasBHOCTI
JIOMIIIOK ~ YMOBH  JUIsi  KOHJAEHcalil  KOHKPETHOL
CKJIaZIOBOi CyMill Ta3iB iCTOTHO MHOTipIIYIOTHCS. A B
HAIIOMY BHIAJIKy JOMIIIKA  CTaHOBJIATH  95%.
[Mpudomy, Tpeba maTtu Ha yBa3i, IO B IMOYATKOBHUI
MOMEHT po0oTu noapoTHOI CH mapuiaabHUN THCK Mapw
BomU B Oaky nopiBHIOE Hyiro. lle 3abe3meuye meskuii
HEBEJIMYKHHA TPOMIKOK yacy 0e3 yMoB Juisi 00'€eMHOL
KOH/JICHCaIIii.

[locraBneny 3agadyy HaMu  3aIpPOIOHOBAHO
BUpilIyBaTH HacTynHuM umHOM [4]. Ha erami
MepeIyCKOBOTO HaJTyBaHHS B BUIbHHMH 00'eM Oaka
BBOAATH, poboue Tino HammyBanns (PTH) i3
TEMIIEPaTypol0 CYTTEBO BHIIOK 3a TEMIIEPaTypy
kucHioo. Takuii TpUoM TPU3BOAWUTH 10 301TbIICHHS
MOTEHIIHO MOXJIMBOI ~ KIIBKOCTI Mapu BOIU Y
BIILHOMY 00'eMi 0aka Npu IMOAANBIIOMY HaJUTyBaHHI.
[HOIMMU crioBamMU, MU HaOJNM)KAEMO MapUiaIbHUN THCK
napiB KUCHIO Y BUIBHOMY 00cCs31 Oaka O THUCKY HOTro
HACHYEHHX IapiB IPH CEPEIHHOMACOBIH TeMIlepaTypi B

TOMY K BUIBHOMY 00¢s131 P, (iG) = ps(Ti5) -

Puc. 1. [IpuniumnoBa cxeMa OYUIICHHS
OKHCIIIOBAJIBbHOTO TEHEPATOPHOIO Ta3y

Ha eram mnonabOTHOrO HaJIyBaHHS OKHUCHUM
TCHEPATOPHUM Ta30M IIicisg TYpOiHM 3 MOMEHTY
3amycky PY Tpeba 3MEHIIyBaTH BUTPATH BOIM 1
nBookucy Byriemto B ckiani PTH, Hampukian, 3a
nonomororo cwiikaremo (puc.l). OmuH 3 BapiaHTiB
poOOTH CHCTEMH HACTYNMHUH. 3 rasoreHeparopa 1 yepes
KjamnaH 2 BigOMpaeMo NOTPiOHI BUTpaTH NPOAYKTIB
3ropsHHA. Jlami BOHM 1O MaricTpasli HaJTyBaHHSI 3 3
TEeMIIepaTypHUMH KOMIleHcaTopaMu 4 y310BXk Oaka
MAJBHOIO 5 MOTPAIUIAIOTH B KOPITYC 3 CHIIIKareneMm 6 i
IMCJI OYMILEHHSA BBOAATHCS B BUILHMA 00cAr Oaka
okucmoBada 7. IIpu 1ipbOMy yac 3MEHIIEHHS BUTpaT
koHaeHcary B ckiani PTH mnoBuHeH Oyt He MeHII
yacy, IIpH SIKOMY CepelHbOMacoBa TeMIeparypa rasy B
0aky 3a0e3MeunTh IEPCBUINCHHA THCKOM HACIYEHOI
mapu BOAM 1I MapIiaJibHOTO THUCKY. Takok B Iei
MPOMDXKOK 4Yacy Tpeba 3a0e3medyBaTH IIBHIKICTIO i
HanpsmMkoMm BBeaeHHs PTH Hemomamanus ioro
CTPYMEHEM Ha BiJIbHY ITOBEPXHIO KUCHIO B OaKy.

\

Puc. 2. [Ipunnumnosa cxema ountienas LOX
JUTsl HaJTyBY Oaka OKHCITIOBaYa

ITpu Bukopucranni B sikocti PTH pinkoro xucHto,
HaMH 3aIpOIOHOBAHO 3MEHIIyBaTH BUTpaTH
MOTeHIifHOr0 KOoHJeHcary B ckiani PTH y nBa eramm.
Ha meprmiomy erami micisi Hacoca BHCOKOTO THCKY 10
Bxony B TtemwrooOMmiHauk (TO) #oro wmexaHi4HO
¢inpTpytoth [4], Ha ngpyromy ertami, micis TO,
OYMIIAIOTh TAapH KHCHIO 3a JIONIOMOTOK0 CHIIIKArelto.
[pamoe 3amporoHOBaHa CHCTEMa HACTYIIHUM YHHOM
(puc.2). TloTpiOHI BHUTpAaTH KUCHIO IJI HaJTyBaHHS
micist Hacoca 1 3a OMOMOroro Kianana 2 yepes QuibTp
3 HamxomdaTh B Marictpaib 4 3 TeMIepaTypHUMH
komrieHcaTopamu 5. B TO 6 kuceHbp BUIAapoBYEThCS i
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B3JI0B)K 0aka MajJbHOro 7 Yepe3 MPUCTPIl 3 CHITiKareaeM
8 BBOmUTHCS B BUIbHMI 00’€M 0Oaka okucioBada 9.
Po,(Ti6) < ps(Tyg ). moTpebu B
¢inpTpyBaHHi Bigmagaiots. Kiaman 2 3a4uHSIOTH, a
KJIaaH 2a BiqYUHAIOTH 110 KiHI podotu PY.

HaBenemo mpuknan. Jlns wammyBanHs Oaka
okucmoBaya | crymenst PH "3enit" HeoOximHO ~3 Kr/c
TeHEepaToOpHOro ra3y 3 TEMIEpPaTypor Ha BXOJl B 0ak
(micist mporpiBy Taps4oi Marictpani HaJUlyBaHHs) Ha
pieai 250°C. VY mpomy rasi 5% mnoreHuiiiHOro
KoHAeHcaty. [l HamiiHOCTI OymaeMo BBaXkaTw, IO Ie
TiIBKM mapu Bomd. 3a 25 ¢ poOOTH IOJBOTHOTO
HaJyBaHHA B 0ak MO)Ke IMOTpamuTH 3,75 Kr BOIU.
Po3paxynku  BHYTpiIHbOOAKOBHX  IpOLECIB  3a
MeToAMKaMu [S] mpH MOYATKOBiM TemmepaTypi rasy y
BinbHOMy 00'emi Gaka -50°C i ioro ob'emi 5 m* 3
CEeKYH/HOK BMTPAaTold KUCHIO 3 Oaka 1,9 wm/c
MOKa3yIOoTh, 1[0 CEpelHhOMAcOBa TeMIlEpaTypa rasy B
Oaky Ha 25 c Oyge nHe Hmwkue +40°C. Ilpm miii
TeMIlepaTypi THCK HacH4YeHHs Boau craHoBuTh 0,0738
kr/cm? [6], a mapUiaabHUA TUCK TIapU BOJU B KUIBKOCTI
3,75 xr cranoButh 0,0654 kxr/cm?. TakuM YHHOM, YMOB
JUTsL KOHJICH Al BOJSHOI Mapy B BUILHOMY 00'eMi Oaka
IIPY BUKOPUCTaHHI OKMCHOT'O T€HEPaTOPHOr'0 ra3y Micis
TypOinu Hemae. llle kpamie cutyaiis peanizyeTbesi IpH
BUKOPHCTaHHI Uil HAaJUTyBaHHS PIAKOTO KHCHIO MiCIIs

ITlicnis Toro sk

HAcoCy 31 CliJJaMU BOISHOTO JIbOIY. Y IbOMY BUIAIKY
IIPY HASsIBHOCTI Tapsidoro IepeinyCKOBOr0 HaJUTyBaHHS
JIBA €TanM OYMIICHHS KHCHIO BiJl JIOMIIIOK CIYXaTbh
Tixpku 325151 100% HamiiHOCTI.

s 3a0e3meveHHs] IIBUIKOTO BHUIIAPOBYBAHHS 1
HArpiBaHHA TMapiB KHCHIO [OUIJIBHO TIEpel CaMHUM
craptoM PH posirpitu TO i TpakT HajIyBaHHS IO
JONYCTUMHUX 1O MinHocTi Temmeparyp [7]. [Hdus
JIOCSITHEHHSI MaKCUMalIbHO JIOIYCTUMOI TeMIIepaTypH
napiB KUCHIO Ha BXOJi B 0aK € CEHC BUKOPHCTOBYBATH B
SIKOCTI TeIUIOHOCIs BUcokorTemnepaTypuuit TIII'T [8].
[Micna  TO  BimHoBmoBanphuit [T momiibHO
BUKOPHCTOBYBATH JUIsl HaJJlyBaHHs Oaka ITaJbHOTO YH
npuBoAy TypOiHU OycTepa 1o JiHii namsHoro [9].

Tepmin ¢inprparii (Maca yJIOBJICHUX NapiB BOIM)
BU3Hauae po3Mmip ¢inpTpa (HANpUKIAA, KOHIYHOI
(dhopMH) 1 Macy CHITIKarelto.

Uum MeHmie yac ¢iuabTpamii, THM MEHIIa Maca
¢GinbTpyrounx enemeHTiB. J{Js  3MEHIIEHHS 4acy
¢inprpamii (~25c¢) Tpeba miABUILYBATH TEMIIEPATYPY
mapiB  KUCHIO, HANpUKIAA, IUIIXOM 30UIbIICHHS
TeMIepaTypu TeIoHoCis. Taki TexHIUHI pillieHHS BXKe
Bimomi [8].

Jlns  BUKIIIOYEHHS TOBEPXHEBOI  KOHZEHcaii
JIOCUTB 00 CTPYMiHb Ta3y HaJlyBaHHs HE IOMNAJaB Ha
BimbHy moBepxHI0O LOX [9]. lle nuranHs TexHIYHO
BUPILIYETHCS 33 JIONOMOrOI0 IMPUCTPOIB 3 ILIABAIOYUM
BigOuBauem (puc.3), pajiabHUX Ta30BBOAIB abo

neopexuMuux [10]. Takox HeoOXigHOrO edekTy
MO)KHA JOCATTH BiJIOBIIHUM IiIOOPOM IIBUAKOCTI
BBenenHs PTH y BinbHuit 00'em 6aka [11]. PagukamsHO
BUpilIyeThcs npobnema npu BBeaenHi PTH y Burmsii
TypOyJIEHTHUX BUXPOBUX Kinenp [12].

BucHoBxku

s 6axa 3 PI'-1 Bimowmi edexruBHi 6e3renesi CH.
Tomy mepexim Ha mapoBy CH nmns Oaka 3 KucHeM
BiJIKpUBA€E TEPCHEKTUBY BiIMOBH Bif TEIil0 B PyXOBii
ycranoBni. Takox, mepexin 3 remieBoi CH Ha mapoBy
KpiM 3HayHOro cmpoueHHs koHCcTpykmii PH i
CTapTOBOTO KOMIUJIEKCY JI03BOJISIE 3HU3UTH MOBHY Macy
CH 3 ypaxyBaHHSM BHUKOPUCT@HHS IIiji I1aJHBO
3BUIBHEHOTO Bia OaJioHIB 00'eMy 0aKy OKHCIIOBaua.
Hampukian, mis Oaka okuciaroBaya | crymens PH
"3eHIT", IeH Tmepexiy TO3BOJUTH 30UIBIIMTH Macy
KOPHCHOI'O HaBaHTaX€HHA Ha He MeHIe sk 80 kr [8].

Puc. 3. Ilpuctpiii 3 TIaBalOYMM BigOMBaYeM
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CUCTEMA HAJITYBA BAKA ITAPAMU KUCJIOPOJIA
C OYUCTKOM OT MPOJAYKTOB CIOPAHUSI

10. A. Mumuxos, H. /1. /Iyopoeckuii

PaccMoTpeHBl pHCKM TPUMEHEHHMS HEKOTJa pAacHpOCTPaHEHHON CHCTEMBI HayBa 0Oaka C O KHIKUM
KHCIIOpoaoM ero ropsuumu mapamu (®Pay-2, Saturn-V, 11K63, P-9A). Hamuume HHUYTOKHOTO KOJHMYECTBA
KOHJICHCHPOBaHHOM (a3bl (BoJa, YIIIEKUCIOTa) B JKUIKOM KUcIopoje (Tocine OycTepHOro mpeaHacoca) B cxemax
JIBUTaTeNlell C JOKUTAaHUEM OKHUCIIUTEIHHOT'0 T€HEpaTOPHOTO ra3a BhHI3BIBAET OMACEHUS y TMPOEKTAHTOB CHUCTEM
HajmyBa OakoB. lcciemoBaHbl BO3MOXKHBIE KOHCTPYKTHBHO IPOCTBIC IIYTH OYHUCTKH OKUCIHTEIBHOTO
TCHEPAaTOPHOI'0 Ta3a W KHUIKONO KHCIOpOAa OT KOHICHCHUPOBaHHOH (hasbl. [IpuBemeHbl uMx cxeMbl. [lokaszaHa
3¢ PEKTUBHOCTH MTAPOBBIX CHCTEM Ha MpUMepe O0aka ¢ KUCIOPOIOM HOCUTENSI CPEAHEro Kilacca.

KaroueBsie ci1oBa: 0ak ¢ KUCIOPOIOM, HAJTYB ITapaMu, TeHEPATOPHBIN Ta3, KOH/IEHCAT, OYUCTKA MTApOB.

PRESSURIZATION SYSTEM OF THE TANK WITH OXYGEN VAPORS
WITH CLEANING FROM COMBUSTION PRODUCTS

Yu. O. Mitikov, 1. D. Dubrovskiy

Considered with respect to modern launch vehicles, the risks of using the once widespread systems of
pressurization of tanks with liquid oxygen by its hot vapors. Such systems were successfully used at the Fau-2, at
the second stage of the LV 63S1, the first stage of the Saturn-V LV. They do not require complicating the launch
complex by means of refueling compressed gases onto the launch vehicle. When switching to engines with
afterburning of oxidative gas, the situation worsened. The generator gas contains up to 5% of water vapor and
carbon dioxide. In a cryogenic tank they can condense. In oxygen, after the high-pressure pump, there are also these
components. They enter the oxygen after drive unit of the turbine of the booster pump. In general way, the
condensed phase does not harm the pump. It causes concern among designers of systems of pressurization of tanks
with oxygen due to the potential risk of a condensed phase. The purpose of the research is the safe use of oxygen
vapors to boost the tanks initially containing a condensed phase. The most dangerous first tens of seconds of
operation of the propulsion system were analyzed. Mass-exchange processes in the increasing free volume of a tank
with oxygen are considered. The dynamics of the pressure variation of saturated water vapor in the tank and their
partial pressure under a hot charge is studied. New possibilities for a sharp increase in the pressure of saturated
water vapor in a tank are presented. New possible constructively simple ways of purifying the oxidative generating
gas and liquid oxygen from the condensed phase are investigated. Recommendations have been worked out. Two
possible principal schemes for eliminating the volume condensation of water vapor are presented and analyzed. To
cope with surface condensation, a number of devices for introducing steam into the tank are proposed. Radically, the
problem is solved when hot steam is injected into the tank in the form of turbulent vortex rings. The mass efficiency
of steam systems with proposed schemes for purification from potential condensate is shown using the example of a
tank with oxygen from a medium-sized launch vehicle.

Keywords: oxygen tank, steam boost, generator gas, condensate, vapor purification.
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