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['ubpunnsie paketHsie apurarenu (I'PJ]) mpuoOperaroT Bce OOMBINYIO MOMYISPHOCTH B
paKeToCTpoeHnu Onarojapsi MX CIIOCOOHOCTH OOBEIUHATH NMPEUMYIIECTBA TBEPAOTOIUIMBHBIX H
KHUAKOCTHBIX cHucTeM. OHHM MpeanaraloT HJeallbHOE COYETAaHUE MPOCTOThl KOHCTPYKIUU H
BO3MOXXHOCTH PETYIMPOBAHMS TATH B IIUPOKOM JHANa3OHE, YTO BAXKHO [UIsl CHUKCHHS
AKCIUTYyaTAallMOHHBIX W3/IEP’KEK M TIOBBIIICHUS HAJEKHOCTU PAKETHBIX CHCTEM B YCIOBHSX pOCTa
MHTepeca K KOCMMUYECKUM HUCCIIEI0BAaHUSAM U KOMMEPUYECKHUM 3aITyCKaM.

O6nactu npumenenus [P/ Bkiroyaror:

e Kocmuueckue 3amycku (CyOOpOMTaNbHBIE W OpOUTANIbHBIC PAKETHI-HOCUTENH, MaJble
HOCHUTEIIU JIJIS1 BBIBOJIA CIIyTHUKOB, PAa3rOHHBIE OJIOKH U BEPXHUE CTYIICHH);

e [Iunotupyemble KOCMHUYECKHE CUCTEMbl (aBapUilHble CHCTEMbI CIACeHMs], MOCaIOYHbIE
MOMYJIN);

e /[BuraTenu MHOTOKPATHOTO BKIIOUEHUS M C TJIIYOOKHM JIPOCCEIHPOBAHUEM TSTU
(perynupoBanue B quanazone 10-100% oT HOMUHAJIBHOTO 3HAYEHUS).

Cucrema momaun (CII) TomnmmBa SBISETCS KPUTHYECKHM BaXHBIM snemeHToMm [ PJI,
ornpenensonmM 3(QpPeKTUBHOCTh TMpoLeccoB cMmeceoOpa3zoBanus B kamepe cropanus (KC). Ee
(GyHKIIMU BKJIIOYAIOT BBOJ, paclbUICHHE, CMEIICHHE W HavyaJbHOE pacrpe/elieHne KOMIOHEHTOB
TOIUTMBA WJIM NpoaykToB razorenepanuu B KC. Ontumanshas padora CII gomkna obGecriednBarthb
BBICOKYIO MIOJTHOTY CTOPaHUsI M CTaOUIILHOCTD pabounx npoieccoB. OAHAKO B 3apsaax ¢ BHyTPEHHUM
ropeHueM HaOdrofaeTcss mHpobjeMa HEPaBHOMEPHOTO CrOpaHMs TBEPAOTOIUIMBHOTO 3apsja,
OoOyCNIOBJICHHAass ~ HEPaBHOMEPHBIM  paCHpelle]IeHMeM  OKHCIUTENsS TP HCIOJb30BaHUU
TpamguioHHbiX CII. DTO NpUBOAMT K HEOJHOPOAHOMY BBIFOPAHMIO TOIUIMBHOTO 3apsjga H
OTKJIOHCHHIO TTapaMeTPOB pabOTHI IBUTATEIbHON yCTaHOBKH (JIY) OT pacueTHBIX 3HAUCHHIA.

B pamkax mannoro ucciemoBaHusi paspadoran I'PJl ¢ Taroit 2,25 xH (puc. 1) [1, 2],
MCIOJIb3YIOUINI B KaueCTBE KOMIIOHEHTOB TOILJINBA!

e Taepnoe roprouee — HTPB (monubyranuen ¢ KOHIIEBBIMU THAPOKCHIIBHBIMU TPYIITIAMU);

o XKunaxuii okucnurens — N2O (3akuch a3ora).

Beutn cripoekTHpOBaHBI TPU BapHaHTa CUCTEMBI TTOIa4H:

1. Crpyiinas (TpagurronHas cxema) [3];

2. llentpobexHas (yIydIIeHHOE paclbUICHHE 3a CUET 3aKPyTKHU MoToKa) [3];

3. CrpyifHas IIWIMHIpPUYECKass BHYTPEHHETO  pACIOJOXKEHUS —  HHHOBAIMOHHAS
KOHCTpYKLHUs, obecrieunBaromas 0onee 3(h(HekTuBHOE CMElIeHHe KOMIOHEHTOB M ONTHMM3AIUIO
niporieccoB ropennsi B KC JIY no cpaBHEHUIO ¢ KIIACCUUECKUMU PEIICHUsIMH (puc. 2).
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Puc. 2 — Obwuii 6uo, 6ud 6 paszpese u cxema nooauu komnonenma monauea CL{OBP

Jannoe uccienoBanue nocpsimeHo mpodaeme sdpdexruBHoctr CII B I'P/] u Hanpasneno Ha
pa3BUTHE HOBOTO HAMPABJICHHS B KOHCTPYKTHUBHBIX CXeMax (POPCYHOUHBIX THIIOB MOJAYH MyTEM
npeAcTaBieHus: HOBOW pacnbutuTenbHOW CII, KadyecTBEHHO OTIMYAIOIICHCS OT TPaJAMIIMOHHBIX

THUIIOB, CHOCO6HOI‘/1 PCIINTDH HpO6JI€My HCPAaBHOMCPHOCTH MOAa4Yu KOMIIOHCHTA TOIIJIMBA HA 3apsa B
TP/
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As part of this research, a hybrid rocket engine (HRE) with 2.25 kN thrust was developed
[1,2], utilizing the following propellant components:

* Solid fuel - HTPB (hydroxyl-terminated polybutadiene);

« Liquid oxidizer - N2O (nitrous oxide).

Three feed system configurations were designed:

1. Axial injectors [3];

2. Centrifugal injectors [3];

3. Internally mounted cylindrical axial-type - an innovative configuration providing more
efficient propellant mixing and combustion process optimization in the combustion chamber
compared to conventional solutions.

This study addresses the critical challenge of feed system efficiency in HREs and aims to
advance novel approaches in injector design by introducing a new spray-type feed system. The
proposed configuration fundamentally differs from traditional designs and offers a solution to the
problem of uneven propellant distribution over the fuel grain surface in hybrid rocket engines.
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