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Liquid rocket engines working by expanded cycle are used as main engines of upper and 3 rocket stages. The
well knows developers are KBKhA (Russia, Angara A5, LRE 0146), Pratt & Whitney (Atlas Centaur-Saturn, RL10).
Expanded cycle are particularly effective in applying cryogenic fuel and oxygen components (oxygen, hydrogen, me-
thane, etc.). The basic expanded cycle is closed circuit with the heating of fuel in the regenerative cooling and its sub-
sequent use as working gas to drive an oxygen and fuel pumps.

There are three types of expanded cycle: open, closed and mixed. Of these, there are schemes with different fea-
tures of the components supply. This paper talks about the modification of standard expanded cycle. This paper dis-
cussed advantages and disadvantages of the evaluation schemes for cryogenic components in relation to the basic ex-
panded cycle. There is comparison between expanded cycle engines (RL-10, RD-0146) and gas generator engines
(SSME (Aerojet RocketDyne), RS-68 (Delta-4), Vulcain,Vulcain-2 (SEP, Ariane 5), LE7 (Mitsubishi, H2), RD-0120

(KBKhA, Energy)).

KuakocTHele  pakeTHble  JBUraTeld
(KPJI) Ge3reHepaTOpPHBIX CXEM HCHOIB3YIOTCS
B KaueCTBE MapIIEBBIX JBUTATENICH pa3rOHHBIX
mnokoB (PB) u 3-x cryneneii paker. Cpenu pas-
pabotumnkos cieayer Bbieanth KBXA (PH Ar-
rapa A5 (OKPJI 0146)), Pratt & Whitney (PH
Atlas Centaur-Saturn RL10). BesrenepatopHbie
cxeMbl 0c00eHHO 3()(EeKTUBHBI NMPH MpPUMEHE-
HUHM KPHOTEHHBIX KOMIIOHEHTOB TOILIMBA (KH-
CIIOPOJI, BOJOPO/I, METaH U T.1).

Takue OBUraTeNd Ha CETOAHAIIHUN JI€Hb
SBJISIIOTCSI IEPCTIEKTUBHBIMU U 00JIAAI0T PSIOM
JTOCTOUHCTB!

- BBICOKasi 5KOHOMUYHOCTh, 00YCIOBIIEHHAs
MCIOJIb30BAHUEM IPEIKaMEpPHBIX TYpOUH U OT-
CYTCTBHEM IIOTEPb Ha 3aBECHOE OXJIAKICHHE
Onarojapsi MCIIOJIB30BaHHUIO TOJIBKO pereHepa-
TUBHOTO OXJIaxJIeHus. B uucrom Buze — 3TO
cXeMa C JIO’)KUTaHMEM Tena TypOMH B Kamepe
CropaHus;

- TIOBBIIIEHHAA HAAEKHOCTh, OOYCIOBIIEH-
Hasg oTcyrcTBueM TrasoreHeparopa (I'T), wuc-
M0JIb30BaHUEM B KauyecTBe pabouero Tena Typ-
OMH ra3000pa3zHOro roproYero U HU3KOH Temie-
partypoii pabouero Tena TypOUHBI.

Henocratkamu 06e3reHepaToOpHOIl CXEMBI
KPJ sBisiroTcst:

- HM3KUH YpOBEHb MPEJIeNIbHBIX JaBICHUI B
KaMepe CropaHus, OCOOCHHO MaJisi JBHUraTesnei
OOJIBIIUX TSIT,

- IPUMEHSAEMOCTh TOJBKO JUIsl KPUOTEHHO-
r0 TOPIOYETO.

Takum o0pas3oM, Oesreneparopubiii JKP/]
MO3BOJISIET MOBBICUTh HaA&KHOCTH U obecrie-
YUTh BBICOKYIO SKOHOMHUYHOCTb.

CymiecTBYIOT TpH TUIa O€3reHepaTOPHBIX
CXeM. OTKpbITasl, 3aKpblTas W cMmeulaHHas. U3
HUX BBITEKAET PAJl CXEM C pa3HbIMU O0COOEHHO-
CTAMU IOJa4M KOMIIOHEHTOB. B pabote pac-
CMaTpUBAalOTCI  MOJU(PUKALMU  CTaHAAPTHOM
0e3reHepaTOpHOM CXeMbl, 3 UMEHHO:

- 3aKpbITas Oe3reHepaTopHas cxema C J0-
MOJIHUTEIBHBIM MOJIBOJIOM I uepe3 oTAenbHbII
HAacoC B CMECUTENIbHYIO TOJIOBKY;

- 3aKpbITas Oe3reHepaTopHas cxema C IO-
JIOTPEBOM OOOMX KOMIIOHEHTOB B pyOallIKe OX-
JaXJEHUS C OTJCIbHBIMU KOHTYpaMM HHUTaHUs
TypOuH no guHusiM O u I’ U JONOJIHUTENBHBIM
nosBosoM O yepe3 OTAEIbHBIM HAacoC B CMECH-
TenbHy0 royoBky KC;

- 3aKpbITas Oe3reHepaTopHas cxema C IO-
JIOTPEBOM O0OMX KOMIIOHEHTOB B pyOallIKe OX-
JaXJEHUS C OTJCJIbHBIMU KOHTYpaMM HHUTAaHUs
TypOuH 1o junusaM O u I' ¥ 1onosHUTETbHBIMU
noasogamu O u I' depe3 oraenbHBIE HAacoc B
cMecuTenpHyo rojioBky KC;

- OTKpbITas Oe3reHepaTopHas cxema C Ha-
IPEBOM TOPIOYEr0 B TPAKTE OXJIAXKICHHUS, IIO-
CIICYIOIIMM HCIIOJIb30BAaHUEM €ro B KauyecTBE
pabouero Tena Juisg npuBojaa HacocoB O u I' n
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cOpocoM O0TpabOTaBIIMX Ta30B B 3aKpUTHYE-
CKYIO 4acTh COILJIA;

- CTaHJapTHas 3aKpbiTas Oe3reHepaTopHas
CXeMa C JOTMOJIHUTENBHBIM IOJOTPeBOM pabdo-
yero tena B TerooOMennuke ot I1C rasorene-
paropa U cOpocoM OTpabOTaBIIMX ra3oreHepa-
TOPHBIX Ta30B B 3aKPUTHUUYECKYIO YaCTh COILIA.

PaccMoTpeHbl TOCTOMHCTBA U HEOCTATKH
NPUBEIEHHBIX CXEM [0 OTHOLICHUIO K CTaH-
JapTHOM 3aKpbITONl Oe3reHepaTopHON cxeme ¢

VJIK 621.45.01:004.942

HarpeBOM TOPIOYEr0 B TPAKTE OXJAXKICHHUS U
MOCJEAYIOLUUM HCHOJb30BaHUEM €T0 B KayecT-
Be pabouero Tena s mpuBoaa HacocoB O u I

[IpoBeneHo cpaBHeHWe ABHrarenei 0e3-
reneparopuoii cxembl (RL-10, P/1-0146) ¢ nBu-
ratensiMd, MMEKIUMU razorenepatop SSME
(Aerojet RocketDyne, Space Shuttle), RS-68
(PH Menwta-4), Vulcain, Vulcain-2 (SEP, PH
Apuan 5), LE7 (Mitsubishi, PH H2), PJ1-0120
(KBXA, PH Dueprus).
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OPTIMIZATION OF WORKFLOW PROCESS FOR SMALL-SCALE TURBOJET ENGINE
Tkachenko A.U., Filinov E.P. (Samara National Research University, Samara, Russian Federation)

The article study the effect of the engine on the dimension values of the working parameters of the process, as
well as the achievable levels of specific parameters. The model has been created in the computer-aided system
"ASTRA". Has been considered the optimization of the working parameters of the process, taking into account baseline
values automatically change the compressor and turbine efficiency depending on the dimensions of the engine. The
study has been carried out a series of calculations with the tab at the turbine inlet gas temperature and total pressure

ratio of the compressor for different thrust values in the range of 0.1 to 50 kH.

Manopa3mepHble Ta30TypOHHHBIE IBUTA-
tenu (MI'T/I) Bc€ Gosiee BocTpeOOBaHBI B aBUA-
[IUU ¥ UMEIOT MIUPOKYIO cepy npumeHeHus. B
HACTOSIIMK MOMEHT B Poccuu cymiecTByer 3Ha-
YUTENbHBIA  HEIOCTATOK MPEAJIOKEHUS IO
MI'T/I] oTe4ecTBEHHOTO TPOU3BOICTBA.

B paGote uccrnenoBano BIUsSHUE pa3Mmep-
HOCTHU JIBUTATENsl HA 3HAYEHUS MapaMeTpoB pa-
6ouero nporecca (m,y, T1), a TaKKe JOCTHXKU-
MbI€ YPOBHH yAEIbHbBIX napamMeTpoB (Cyy, Pyy).

PaccmarpuBaniach ontumuzanus —napa-
MeTpoB padouero mpouecca (Cyy, Pyy 1 My), ¢©
y4€TOM aBTOMATHYECKOTO M3MEHEHHS 0a30BBIX
3Hayenuit KITJI kommpeccopa u TypOuHBI B 3a-
BHCHMOCTH OT pa3MepHOCTH fBuratess [1].

B kavecTBe MCXOJHBIX JaHHBIX OBLIN BBI-
OpaHbl 3HAUEHUS MApPaMETPOB, XapaKTEPU3YIO-
IIMX COBEPIIEHCTBO Y3JIOB JBUTATENsl U CaMo-
néTa, KOTOpbIE OCHOBAHbI Ha aHAJIU3€ UCCIENO0-
BaHUH B O0OJACTH MPOEKTHUPOBAHUS Mayopas-
mepubix I'TJT [2].

Yucnennoe monenuposanue MI'T/] u om-
TUMHU3AIMA TapamMeTpoB pabouero mpoiecca

NPOBOJIMIIACHE B pa3paboTaHHOW Ha Kadenpe
TJJIA CAE - cucteme ACTPA [3].

B pamkax uccnenoBanus Oblia IpoBeIeHA
cepusi pacu€ToB ¢ TaOyIsIMEH TeMIepaTypbl
rasa nepea TypOouHod T; M CyMMapHOH crere-
HBIO TIOBBIIICHUS JIABJICHUSI B KOMIIPECCOPE T 5
JUIS Pa3IMYHBIX 3HAYCHUU TATH aBHUTaTens P B
muanaszone ot 0,1 mo 50 xH.

Vcnonp30BaHbl  CIEAYIOIIUE 3HAYCHUS
apaMeTPOB, XapaKTEPUIYIOIIUE COBEPIICHCTBO
CHJIOBOH YCTaHOBKH:

Nx.6az = 0,82; Nr.6az = 0,86; NMm = 0,98;
o = 0,95; n. =0,97; ¢. = 0,9.

Ha puc. 1 npuBeneHbl pe3ysbTaThl 3aBH-
CHUMOCTH YyIenbHOro pacxoza tommBa Cy, OT
CYMMapHO#M CTENCHU TOBBIMICHHS JaBICHUS B
KOMIIPECCOPE Ty JUISl 33IaHHOTO 3HAYCHUS Ts-
ru P=0,5kH.

Hnsa tarm P=0,5 xH ynensHBIN pacxon
toruuBa Cy, IPUHUMAET ONTHUMAJbHbIC 3HaYe-
st ipu Tp = 1000 u 5, =4,42.

Ha puc. 2 u 3 npexacraBneHsl 0000mEH-
HbIC PE3yJbTaThl ONTHMH3AIMK Majopa3Mep-

HbiX ['T/1 anst pasnugHbIx Temoeparyp T .
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