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Pa3paboTka KOHCTPYKIUM U IKCIIEPUMEHTAJIbHbIE HCCJIeI0BAHUSA
KaMep PaKeTHBIX ABUraTeJ el MaJou TAru
C pereHepaTuBHbIM OXJIAKICHHEM
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Annomayus. Paspabomka u npaxmuueckoe npumMeHeHue pakemuuvlx ogueamenet Maiou msaeu ¢ nosbvl-
WEHHbIMU XAPAKMEPUCMUKAMU HAOEHCHOCMU U (DYHKYUOHANLHOU pAOOmMOCnocoOHOCMU S6/IsIemcs nep-
CNEeKMUBHOU HAYYHO-MEXHUUECKOU U NPOU3800CMBEHHO-MEXHON02UYeCKOU 3a0ayeli npu coO30aHUuU KOCMU-
YeCKUX annapamos u pazeoHHblX OI0K08 H08020 nokoaeHus. B npoyecce peanuzayuu Coenawienus o co-
mpyoHuuecmee, 3akaroueHno2o 1 ocydapcmeennvim Hayunvim yenmpom P® «Hccredosamenvcxuil yenmp
umenu M. B. Kenoviway, Cubupckum 20cy0apcmeeHubiM YHUBEPCUNEMOM HAYKU U MEeXHON02Ull UMEeHU
M. @. Pewemnésa npu yuacmuu QOO «llonuxpom» nposooumcs KOMIIEKC UCCIe008amenbCKux U IKCnepu-
MEHMATLHBIX PAOOM NO NPOEKMUPOBAHUIO, U320MOBICHUIO MEMOOOM A0OUMUBHBIX mexHonozuti 3D-neuamu
U CMeHOO08bIM UCHLIMAHUAM ONBIMHBIX 00pA3Y08 DAKEeMHbIX Ogueamenell Manot mseu, padomanouux
Ha 2a3000pa3HOM MONAUBE C PE2eHEPAMUSHOU CUCEMOU OXIAHNCOEHUSI KAMEDDL.

B kauecmee obvexma uccnedosanuii HA OAHHOM SMANe COBMECMHbBIX pabom onpedeneHvl 08¢ Kamepol
osueameneti Manou msaeu, uzeomosnenuvie Ha 3D-npunmepe ASTRA 420 u3z srcapocmotixoeo cnnasa Unko-
Henb 718 6 ude MOHOOIOUHBIX U30ENUl C MEPUOUOHATLHBIMU (NPOOOILHBIMU) U GUHMOBLIMU (CNUPATbHDL-
Mu) Kanaramu oxaaxcoaroujeco mpakma. TepmoouHamuueckull u 2a300UHAMUYECKULl paAcyemyl, a maxoice
pacuem pe2eHepamusH020 OXIANCOeHUS KamMep 2a3000paA3HbIM MEMAHOM 8bINOIHAIUCH C UCHONb308AHUEM
Pe3yIbmamos IKCHePUMEHMAIbHbIX U aHanumuyeckux uccredosanuil Llenmpa Kenoviwa. B cmamve u3-
JI0JICEHA NOCe008aMENbHOCHb PA3PAOOMKU U ONMUMUZAYUYU AOOUMUGHOU MEXHON02UU NeYamu Kamep,
obecneuusaioueit He0OX00UMoe Ka4ecmeo u30enul.

B pacwupennom obveme npedcmasnenvt pe3yiomamol CMeHO08bIX IKCHEPUMEHMATbHBIX UCHbINMAHUL
08YX 8APUAHMOB KAMeED ¢ 0OUHAKOBOU KOHpUIypayuell cMeCUmebHbLX 20I060K U PA3IUYHOU opueHmayue
KaHanos cucmemsvl oxaaxcoenus. Ilpu ananuse nomyueHHvlx 8 npoyecce 0CHEGbIX UCNbIMAHULL IHepeemuie-
CKUX U TENJIo8blX NApamempos Kamep npooemoHCMpUpo8ana pabomocnocobHOCmy IKCHePUMEHMATTbHBIX
KOHCMPYKYUll, NOOMEEPIICcOAiowds NepcnekmugHOChb 8blOPAHHbIX mexHuyeckux peuwenuil. Iloxasana
NPUHYUNUATILHAS B03MONCHOCHb U320MOGNEHUSI PAKEMHbIX Oguecamenel MAalou mazsu ¢ UCNOIb308aHue
A0OUMUBHOU NEXHOA02UU CELeKMUBHO20 TA3EPHO20 NIABNEHUS U3 JCAPOCMOUKO20 JeSUPOBAHHO20 CNIABA.

Kurouesvie cnosa: pakemuwiii 0gueamens mManiou msizu, a0oumusHvle mexroaozuu, Muxounenv 718, ocne-
8ble UCNBIMAHUSL, NOJHOMA C2OPAHUSL MONIUBA, MENI080e COCMOSHUE.



Design development and experimental studies of chambers
of low-thrust rocket engines with regenerative cooling
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Abstract. The development and practical application of low-thrust rocket engines with enhanced reli-
ability and functional performance characteristics is a promising scientific, technical, production and tech-
nological task in the creation of new-generation spacecraft and upper stages. In the process of implement-
ing the Cooperation Agreement concluded by the State Scientific Center of the Russian Federation "M. V.
Keldysh Research Center", the Siberian State University of Science and Technology named after M. F. Re-
shetnev, with the participation of Polychrome LLC, is conducting a complex of research and experimental
work on the design, manufacture by additive 3D printing technologies and bench tests of prototypes of low-
thrust rocket engines powered by gaseous fuels with a regenerative chamber cooling system.

At this stage of the joint work, two small thrust engine chambers were selected as the object of research.
These chambers were manufactured using the ASTRA 420 3D printer from the heat-resistant alloy Inconel
718 in the form of monoblock products with meridional (longitudinal) and helical (spiral) cooling chan-
nels. The thermodynamic and gas-dynamic calculations, as well as the calculation of the regenerative cool-
ing of the chambers using methane gas, were performed using the results of experimental and analytical
studies conducted by the Keldysh Research Center. The article describes the sequence of development and
optimization of additive printing technology for cameras, which ensures the required product quality.

The results of bench and experimental versions of two chambers with the same configuration of mixing
heads and different channel orientations of the cooling system are presented in an expanded volume. When
analyzing the energy and thermal parameters of the chambers obtained during fire tests, the operability of
experimental designs was demonstrated, confirming the prospects of the selected technical solutions. The
principal possibility of manufacturing low-thrust rocket engines using additive technology of selective laser
melting from a heat-resistant alloy is shown.

Keywords: low thrust rocket engine, additive technologies, Inconel 718, fire tests, completeness of fuel
combustion, bench fire tests
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OcCHOBHBIC NPUHIUIIBI METOAMKH pacyeTa U MpoekTupoBaHusi kamepbl PJIMT, usrorosiien-
HOM 10 TexHoJI0oruM 3D-nevyaTu ¢ pereHepaTHBHON CHCTEMOM OXJIAMKICHUSI
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