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Puc. 3. Oxno ¢ gpatinom npomomuna

3atem, otkpsiBas ¢aitn SBORKA.adm, Ha
9KpaH BBIBOJUTCS JIEKTPOHHAs MOJEIb IPOTO-
Tuma npucrnocoodsienus (puc. 4). B nanpueiimem
3Ty MOJIETb MOKHO HCIOJIB30BaTh I pa3iny-
HBIX pacu€ToB (Ha TOYHOCTb, MPOYHOCTh U JIPY-
r'UXx).

VIIK 621.453

Puc.4. Ilpomomun npucnocobnenus

IlocTosHHOE HamoJHEHHE Oa3bl JTaHHBIX
U CO3JaHUE MapaMETPUUYECKUX MOJIENECH KOH-
CTPYKUMH  IPUCIIOCOONEHUH  3HAUUTENBHO
pacmupsieT BO3MOXKHOCTH HH(GOPMAIIMOHHO -
MMOMCKOBOM CHUCTEMBI TpPH MPOEKTUPOBAHUHU
TEXHOJIOTHYSCKOM OCHACTKH.

Bubimnorpaguyeckuii cnucoxk

1. Ilynmemos, A.Il. Pa3pabotka uubop-
MalMOHHO - ITIOMCKOBOM cHCTEMBI BbIOOpA TEX-
HOJIOTMYECKOM OCHACTKH B Ipou3BojcTee JJJIA
/ A.Il. ynenos, JI.A. Uemnuuckuit U.H. Jla-
pun // MHTK «lIpoGiaembl U mnepcrneKTUBBI
pa3BUTHUs  JABHUrarenecTpoeHus. Marepuabl
noxianos. Y. 2, Camapa, CI'AY, 2003. - C.96-
98.

HCCJEJOBAHUE IMPOLECCOB XKHIKO®A3ZHOI'O B3AUMOJIEVCTBUS
CAMOBOCIHVNIAMEHAIOHNUXCA KOMIIOHEHTOB TOIIVIMBA

Huroarok B.E., Cynunos A.B.

Camapckuil Tocy1apCTBEHHBIN a3pOKOCMHUYECKUN YHUBEPCUTET

RESEARCH OF PROCESSES OF INTERACTION IN A LIQUID PHASE SELF-IGNITING
COMPONENTS OF FUEL

Nigodjuk V. E, Sulinov A.V. Results of research of kinetic aspects of transformation of liquid inter-

mediate products are resulted at interaction in a liquid phase of self-igniting components and influ-

ences on the given process of efficiency of mixture of components in a liquid phase.

Jisa poctuxeHus: BbICOKOM 3¢ (eKTUBHO-
CTH IpeoOpa3oBaHMsI JBYXKOMIIOHEHTHOTO ca-
MOBOCILJIAMEHSIOLIEroCsl  KUIKOTO PAKETHOIO
tormmBa (OKPT) HEOOXOIUMBIM YyCIOBHUEM SIB-
nsercst obecrnieueHue >PQPEKTUBHON OpraHusa-
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MU KUAKO(PA3HOTO B3aUMOJIEHCTBUS KOMIIO-
HeHTOB [1]. B pe3ynbpTaTe Takoro B3auMojIeii-
CTBUSL 00pasyroTcsi *uakodasHble U razodas-
Hble npoMmexyTouyHble npoAykTel (K®III u
['®IIII). [Ipeobpazosanue KOPIIII B nanbHei-



IIEM CYIIECTBEHHO omnpezenseT 3pPeKTUBHOCTh
nporecca npeodpazoBaHus BCETO TOIUIMBA.

Jlannas paborta Obljaa MOCBAIIEHA H3yde-
HUIO KMHETHYECKHX acCleKTOB IpeoOpazoBaHus
JKO®IIII u BnusiHus HA JaHHBIA TIporecc dhdex-
TUBHOCTH JKHMJIKO(MA3HOTO CMEIICHHUS KOMIIO-
HEHTOB.

DKCcIepuMEHTAIbHOE UCCIIE0BaHNUE OBLIO
IIPOBEJIEHO Ha BBICOTHOM OTHEBOM CTEHJIE C UC-
M0JIb30BaHUEM METOJa MPOTOYHOIO pPeaKkTopa
[2]. I[IpoTouHbIil peakTop MpeAcTaBisiia COOOM:
Ha BXOJIE B KaHaJ peakTopa AJs MOJa4d KOM-
IIOHEHTOB TOIUIMBA IJIOCKUN KIMHOBOW CMECH-
TEJIbHBIN DJIEMEHT Pa3IMYHOM I'€OMETPUU U Ka-
HaJl peakropa ¢ U3MEHSAEMOM UIMHOMW, BBINIOJ-
HEHHBIM B BUJE KaHala C NPSIMOYIOJIbHBIM IO-
MepEeYHbIM cedueHHeM. DPPEKTUBHOCTD KHUAKO-
(a3HOrO CMEIIeHHUs] KOMIIOHEHTOB CaMOBOC-
mwnamenstomerocss JKPT Ha Bxoje B kaHan pe-
aKTopa HM3MEHsJIach 3a CYET M3MEHEHHUsS Ieo-
METPUHM CMECUTENBHOTO 3yieMeHTa. KoHcTpyk-
LUl CMECUTENS U MPOTOYHOIO pPeakTopa IMpoeK-
THPOBAJIaCh TaKUM 00pa3oM, 4YTOObI 00ECIeUUTh
paszfiesieHue Mo MOoMNepeyHOMYy CEUEHHUIO KaHajla
peaktopa notokoB TeueHus KOIIIT u ['OIIII ¢
LEeNbI0 U3Yy4eHUs] TPeoOpa3oBaHMs KaK KHUIKO-
¢da3HbIX, TaKk U ra3o(a3HbIX MPOMENKYTOUHBIX
MIPOJIYKTOB B 3aBUCHUMOCTH OT BPEMEHU MpeObI-
BaHUA, Y3PPEKTUBHOCTH KUAKO(DAa3HOrO cMmellie-
HUS KOMIIOHEHTOB U JPYIrUX BO3MOJKHBIX
BJIMSIOIIMX Ha MPOIECC IPAHUYHBIX yCI0BHN. B
yactHocTH JK®IIII momaBaiiMch Ha IUIOCKYIO
CTEHKY KaHaJla peakTopa M UX TeUeHHue Ipouc-
XOJIMJIO TI0 CTEHKE KaHajla peakTopa.

[lo pe3ynbraraM MPOBENEHHOTO IKCIEpPHU-
MeHTa npouecc npeodpazoBanuu KOIIIT mox-
HO MpPEJICTaBUTh CIEIYIOIUM 00pa3oM M yc-
JIOBHO pa3/ieyIuTh Ha JIB€ OCHOBHBIE CTAHH.

Ha nepBoii craguu - ctaauu xuaxodas-
HOTO B3aMMOJIEUCTBUS CaMOBOCILIAMEHSIIOILIE-
rocst XKPT npoucxomut xunakoazHoe cmerie-
HUE KOMIIOHEHTOB, MPOTEKaHHE KUIKO(PA3HBIX
AK30TEPMHUUYECKUX peakuuid u oOpazoBaHue
KOIIIT u I'®III. TemnepaTtypa xKuaAKOPa3HBIX
IIPOJIyKTOB B IpOIlecCe NPOTEKaHUs paccMar-
pUBaeMOM CTaJlid B 3aBUCUMOCTH OT 3(dek-
TUBHOCTH JKHMJIKO(GA3HOTO CMEIICHHUS KOMIIO-
HeHTOB M BpeMmeHu npedbiBanus KOIIII uzme-
Hsercs B npenenax ot 330 go 370 K. [Ipu stom
BennunHa temneparypsl JK®IIII Bo3pacraer ¢
yBenuueHueM 3((eKTUBHOCTU XKHUJKO(]a3HOro
CMEIIIEHHUs] KOMIIOHEHTOB U BPEMEHHU NpeObIBa-
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Hus JXOIIII B kanane. Ha crangun >xuakodas-
HOTO B3aUMOJICHCTBUS CaMOBOCILIaMEHSIOLIE-
rocs JKPT mnpoucxomut mporekaHue 3K30Tep-
MUYECKUX >KHAKO(]A3HBIX peakuuid ¢ HMHTEH-
cuBHbIM BbleneHnem ['OIIIIL. IIpu sTtom cre-
NeHb ra3su(uKaluy TOIUIMBA MOKET JOCTUTaTh
50%. boisiee BbIcOKas cTeneHb Ta3uuUKaLUu
COOTBETCTBYeT Ooisiee BBICOKON 3((eKTUBHO-
CTH OpraHu3aluy >XUAKO(A3HOrO CMEIIEeHUs
KOMIIOHEHTOB. Hamnpumep, Ha [yiMHe KaHana
peaktopa 7,5 MM mpu U3MeHEHUU KOIPPUIIN-
eHTa 3((HEeKTUBHOCTU XKHUJIKO(]A3HOrO cMmelie-
Hus ot 0,37 no 0,63 xK03(pIUIUEHT TOIHOTHI
npeoOpazoBanusi Torumea pacrer ¢ 0,07 no
0,10, a crenenp razudukanuy TOIJIMBA yBEIU-
yuBaerca ¢ 0,30 mo 0,44. Bpems mporekaHus
CTaJluu >KUJIKO(Aa3HOTO B3aUMOJAECHUCTBUS CaMO-
Bocmamenstomerocs JXPT cocrasnser okono
(1,5-2) mc B 3aBUCHMOCTH OT 3(h(HEKTUBHOCTHU
KUAKOPA3HOTO CMELIEHUS KOMIIOHEHTOB, YeM
BbIIIE 3PPEKTUBHOCTD KUJIKO(A3ZHOTO cMelIe-
HUS, TEM MEHbIIE BPEeMsl NMPOTEKAHUS TaHHOU
CTa/Iuu.

Jist BTOpO#l cTamuu  TpeoOpa3oBaHUsA
KOOI, npoxomsamen mociae 3aBepUICHUS
KUAKOPA3HOTO B3aMMOJIECHCTBHS CaMOBOCILIA-
Menstonierocsa JKPT, xapakrepHo IOCTOSIHCT-
BO WJIM HE3HAUUTEJIbHOE YBEJIMYEHUE TeMIlepa-
Typbl JK®III no mnune kanana. [Ipuyem s
NpealUIaMeHHOM — CTaJuu  IpeoOpazoBaHuUs
['®III (maporasa) mnpouecc rasupukanuu
JKODIIII mpakTU4yeckn MpeKpalaercs, a s
cranuu ropenust ['®IIII (nmocne BocriameHe-
HuUs maporasa) npouecc razudpukanuu KOOI
MIPOMCXOJUT 3a CYET TEIJIONOBOJAa OT BBICO-
KOTEMIIEpaTypHbIX Ta30(a3HbIX MPOMEXKYTOU-
HBIX MPOoAYKTOB. [Ipu 3TOM Ha HavaabHOMU CTa-
UK TOpeHHs 3aUKCUPOBAHO, YTO C yBEIHYE-
HUEM 3(PPEKTUBHOCTH KUAKOPA3HOTO CMelIe-
HUS KOMIIOHEHTOB IPH PaBHBIX JIPYrHX Ipa-
HUYHBIX YCIIOBUSAX (IJIMHAX KaHajla peakTopa)
YBEJIMYUBAIOTCA ~ TEMIIEpaTypbl ra3oasHbIX
MIPOMEXYTOUHBIX IPOJIYKTOB, pacTeT Ko3(du-
LMEHT IMOJIHOTHl MpeoOpa3oBaHMs TOIIMBA U
BEJIMYMHA JlaBJeHHs naporasa. Hampumep, Ha
JUIMHE KaHaja peakropa 17,5 MM npu u3MeHe-
HUU Kod(pduurenta 3pPeKTUBHOCTH KUIKO-
¢daznoro cmemenns ot 0,47 go 0,69 xoxddu-
LMEHT TMOJIHOTHl TNpeoOpa3oBaHMsl TOIUIMBA
pactet ¢ 0,31 o 0,52.

Kpome Toro, pesynbTarsl Hccie0BaHUS
Ha BTOpoil craguu mnpeoOpasoBanust KOIIII



MOATBEPXKIAIOT TPEINOJIOKEHNE O TMEepPCIeK-
TUBHOCTH HcnoJib30BaHus XOIII nna BHYT-
pennero oxnaxaenus creHok KPIMT [1] npu
3¢ GeKTUBHON OpraHM3alMi HUX BHYTpUKamep-
HOT0 paboyero mnpoiiecca.
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CRITERIA OF CHOICE FOR AN ENGINE CAPABLE OF PERFORMING A
TRANSFER ORBIT AND A DE-ORBITING OF A LAUNCHER’S ORBITAL STAGE
AND GASIFICATION OF THE UNSPENT PROPELLANT OF THE STAGE

Trushlyakov V.1.", Emanuelli M.%, Tintori C.?

'Omsk State Technical University
*Politecnico di Milano, Italy

In this paper it will discussed the criteria
of choice of a secondary engine for a launch-
er’s orbital stage capable of performing a
transfer orbit and subsequently a de-orbiting
on the occasion of a space debris removal mis-
sion. It will be analyzed also the hypothesis of
using the unspent fuel of the stage with and
without a gasification process.

The system that it’s going to be consi-
dered, it’s composed initially by the orbital
stage of the launcher after the release of the
payload. According to the purpose of the mis-
sion, after the payload’s injection in orbit, the
orbital stage could be simply de-orbited or it
could be used as autonomous satellite and after
a proper transfer orbit, using a tethered space
micro tug that grabs the space debris, the
whole system would be de-orbited into the at-
mosphere. To accomplish this mission, the or-
bital stage is designed to carry an Autonomous
De-Orbiting System (ADS). The choice of the
proper kind of ADS is the paper’s core.

Initially it will be defined the criteria that
will lead the analysis among the different type
of engines (liquid, solid, hybrid, gas). The en-
gines, according to the data provided by the as-
trodynamic of the mission, were sized to let a
well aware and criticized choice.

It will be demonstrated in the paper that
the standard engines, even if they can accom-
plish to the mission’s request, they occupy a
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large amount of space and weight on the laund-
er. In order to reduce the mass for the de-
orbiting mission, it was studied a method to
use the unspent liquid propellant of the rocket
stages with a gas engine. Because of at the end
of the launcher’s mission, it remains usually in
the tanks about the 3% of the initial propellant
mass, the study was focused in exploiting this
remaining resource using the residual propel-
lant’s evaporation to accomplish the maneuvers
requested and in obtaining a sufficient thrust
that permit a faster re-entry. This process,
called gasification, can be used for different
launchers, different rocket’s stages of rockets
and different maneuvers such as:

- Orbital transfer maneuver.

- De-orbiting.

- Safe re-entry of the 1% stage.
The gasification is performed by a system
that introduces in tanks the warm gases, with
temperature in a range of 800K - 1400K. The
evaporation of the residual propellant is ob-
tained by the heat exchange between the hot
gases injected in the tanks and the liquid pro-
pellant. A pressure relief valve is installed in
the tank to let the gas go out when the pres-
sure reach the maximum level. It will be
shown a method to find out the energy
needed in the gasification and the time spent
for completing the process.



