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IYTEM NEPEPACIIPEJAEJIEHUS TEILIOBBIX IOTOKOB
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IMPROVING THE EFFICIENCY OF THE STIRLING ENGINE BY REDISTRIBUTION OF HEAT FLOW
IN AN INTERNAL CONTOUR

Savchenko V.A., Stolyarov S.P.
(Saint-Petersburg state marine technical university, Saint-Petersburg, Russian Federation)

The article describes ways to improve efficiency of Stirling engines by redistributing heat fluxes in the inner
loop. As agents influencing the heat flows, the contact thermal resistance, the shuttle conduction, the pumping loss, the
heat flow inside the displacer by means of the radiation and convection are considered. The methodologies of calculat-
ing studied phenomena are described. The main aspects of a numerical model, which is intended for calculating shuttle
conduction in tsilindro-piston group in Stirling engine, is provided. As a result of studying the ways of influencing the
distribution of temperature fields of the internal parts of the internal circuit of Stirling engine the constructive measures
to improve engine 1R30/6 were developed. As a result of these activities, the estimated reduction of heat loss is 1385
watts, which should help to increase the efficiency of the engine by 2%.

JlocTikeHre MakcuMaslbHOM 3¢ dexTus-
HOCTH TEPMOJMHAMHYECKOTO IIMKJIa MAaIluHbBI
CrupnuHra TpeOyeT CO3IaHMs MaKCHMalIbHOTO
TEMIIEPAaTypPHOTO TPAAMEHTAa MEXIY TOPIYHM U
XOJIOTHBIM IWJIMHPAMHU.

Jo6utbcss mOBbILIEHUS 3((HEKTUBHOCTH
IIUKJIa MOYKHO MYTEM CHUIKECHUS TEIJIOBBIX IIe-
peTedyeK MeXIy MOJOCTSIMH Iopsiuero M XoJoJ-
HOT'O LWJIMHAPOB. B mpezcraBieHHOM Hccleno-
BaHUM IepepacrpeielieHue TeIUIOBBIX MOTOKOB
BO BHYTPEHHEM KOHTYype apurarens CTHpInHra
(AC) ocyrmecTBIsIIOCh TOCPEACTBOM KOHCTPYK-
TUBHOTO BO3/ICHCTBUS HAa KOHTAKTHOE TEPMHYE-
ckoe comporusienue (KTC), HecTanmoHapHBIi
YeITHOYHBIN TEmI000MeH MOPILHEM-
BeITeCHUTENEM (IIATia-3((eKT), TErIoBbIe MO-
TEpU B Ta30BOM KOJBLIEBOM 3a30p€ MEX]y BbI-
TECHUTENEM W IIMJIMHAPOBOHW BTYIKOW (Hacoc-
HBIE TIOTEPH), TEIJIO U MAaCCOOOMEH BHYTPH BBI-
TECHUTEIIS.

JInst modydeHHWs YWCICHHBIX 3HAa4YeHUH
paccMaTpuUBaeMbIX SIBICHUH BCE pPacyEThl BbI-
noiaHeHsl npumenutensHo kK JIC  B-cxembl
1P30/6.

Bemnunna KTC 3aBucut oT reomerpuye-
CKUX pa3MepoB JeTalieii, CBOWCTB MaTepUaJIoB,
HaJIM4YUsl ¥ CBOMCTB IOBEPXHOCTHBIX IUIEHOK,
HAJIMYUSl MaKpOTE€OMETPUYECKUX OTKIIOHEHHI,
CBOMCTB 3alOJHAIOUICH CTBIK Cpelibl, XapakTrepa
U KayecTBa 00pabOTKU MOBEPXHOCTEH U MHOTUX

Apyrux GpakToOpoB.
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JUis BBIYMCIEHUS TEIUIOBBIX IIOTOKOB B
CUCTEME Ta30BOT0 3a30pa MEXIy IOpPIIHEM-
BBITECHUTEJIEM U IWJIMHIPOBOM BTYJIKON pa3pa-
00oTaHa MaTemaThyeckas MOjelb, B KOTOPOii
matia-3¢p¢GexT paccMaTpuBaeTcs Kak KBa3HCTa-
IIMOHAPHBIHN CJIOKHBIA TEMJI000MEH, COCTaBHbI-
MU HJEAIN3UPOBAHHBIMU COCTABJISIFOIIUMU KO-
TOPOTO SABJISAIOTCS KOHBEKLUS U U3IyYCHHUE.

OCHOBHBIE MOJIOKEHHSI PACUETHOTO AJITO-
puT™Ma:  OOKOBBIE  TOBEPXHOCTH  MOPIIHS-
BBITECHUTENS U LWIMHIAPOBOM BTYJKH, a TAKXKe
MaccHB paboyYero Tejia B 3a30pe MPesICTaBIISAIOT-
csl B BUJie HabOpa KOHEUHBIX 3JIEMEHTOB, B3au-
MOJCUCTBUSA MEXAY KOTOPBIMH OIMCBIBAIOTCS
YPaBHEHUSMHU TeIJIO0OMEHa U3Iy4eHUEM, 3aKO-
HOB ®Pypre u Hprorona-Puxmana. Kpaessie yc-
JIOBUS Ha TPaHMIIAX PACUETHOM CETKU 3aIar0TCs
pe)xuMoM paboThl JBuratens. B kauectBe pa-
0oyero Tenma MOTyT ObITh HCHOJb30BaHbI BO3-
IyX, TEIUH, BOLOPOL.

Maremaruueckass MOJEIb BKJIKOYAET B Ce-
051 aIrOpUTM KOHTPOJIS TEIJIOBOTO U MacCOBOTO
0aJaHCOB CHCTEMBI, YCIOBHE 00ECICUEHHs YC-
TOMYMBOCTH PEIICHUS BCIEICTBUE HECTALUO-
HapHOCTH 3a7aud. OLeHKa TOYHOCTH pa3pado-
TaHHOTO aJITOPUTMa IPOU3BOJUTCS BCTPOECH-
HBIMH TE€CTOBBIMHU 33/1a4aMH.

Metonuka pacuéra TEIJIOBBIX IIOTOKOB B
JC BepuduupoBaHa cpaBHEHHEM C JIaHHBIMH,
ONnyOJIMKOBaHHBIMU IO JBUraTelo, pas3pado-
tanHoMmy Kommnanueid MTI (CIIA) mis ucnosib-
30BaHUA B Ka4eCTBE KOCMUYECKOro CTUPIIMHT —



reaepaTopa MomHocThio 12,5 kBr. Ilomyden-
HbIE Pe3yJbTaThl YIOBIETBOPUTEIHHO COTJIacy-
IOTCSL.

C nmomoIpio mporpaMmmsel pacuéra Terio-
BBIX TMIOTOKOB BO BHyTpeHHeM KoHType JC pas-
paboTaHbl PEKOMEHIAIMH, HarpaBliCHHbIC Ha
CHIDKEHHE MEPEeTEUKH TEeIula U3 Topsiuero B Xo-
noauslid nuMHAp. 1o pesynbraram cKOoppekTu-
poBaHHOTO pacuéTra marti—3¢pEGEKT CHUZHICS C
204 Bt no 12 Br, nacocusle notepu ¢ 496 Bt
no 43 Brt, mepereuka Temja BHYTPU MOPIIHSA—
BBITECHHUTENSI yMeHbIach ¢ 128 Bt no 24 Br.
CymMapHBIil TEIIOBOM IMOTOK paccMaTpuBac-
MBIMH SIBJICHHSIMH YAAJOCh CHH3UTH ¢ 828 BT
10 79 Br. 3a cuér npeiaraeMbIX MEpOIPUSATHIHA
yAJIOCh CHU3UTh CYMMAapHbIM HETraTUBHBINA Te-
oo notok B JIC Ha 749 Bt wiun Gosee yem B
10 pas.

3a cuét paumonanbHoro uaMenenus KTC
COTPSDKEHUM 3JIEMEHTOB KOPITYCHBIX KOHCTPYK-
U ¥ WIMHAPOBBIX BTYJOK YIaJoCh TOOUTHCS
CHIDKEHHS TEIJIOBOTO TMOTOKAa MO KOPITYCHBIM
anementaMm ¢ 1970 Bt go 1334 BT, no BTynkam
nunuHapa ¢ 88 Bt no 7 BrT.

CyMMapHbIe TeIUIOBble TOTEPU CHU3HIIUCH
Ha 1385 Br.

VJIK 621.452 (07)

Oddexrusnsbiii KITJ[ npuratens 6e3 yuéra
paccMaTpuBaeMBbIX siBeHUM coctaBiseT 27,7%.
KITJI nBuraresns ¢ y4éToM M3y4aeMbIX SBJICHHH,
HO 0Oe3 yuéra W3MEHEHHH KOHCTPYKLIMHU, Ha-
MIPaBJICHHBIX Ha TepepachpeieiCcHue TeII0BBIX
MOTOKOB BO BHYTPEHHEM KOHTYpPE, COCTaBJISET
26,6%. Pacuérnsiii a¢pdexrunniii KI1J] nBura-
TeJIs MOCIIe peann3alii MEPONPHUITHIA, HApPaB-
JICHHBIX Ha CHIDKeHHe mati—3¢¢dekra, Hacoc-
HBIX MOTEPb, TEIJIOBBIX MEPETeUYeK BHYTPHU BbI-
TECHUTEJS U TEIUIOBBIX MOTOKOB MO dJIEMEHTaM
KOHCTPYKIIUM MamIuHbel, coctaBiser 28,8%.
[Ipeanonaraemoe yBenuuenue KIIJ[ cocraBnser
2%.

Bb110 BBIMIOJIHEHO HWCCIIEZIOBAHME II€NIECO-
00pa3HOCTH TPUMEHEHUs METOJO0B H3MEHEHUS
KTC B gpyrux neransax W y3lax JBHUTaTels
1P30/6.

Pesynbratel wuccienoBanuss u pazpado-
TaHHbIE METOJAMKHU TMO3BOJIAIOT pa3pabaThIiBaTh
KOHCTPYKTHUBHBIE MEPOTIPUSTHS, HATPaBJICHHbIE
Ha ToBbIIeHHE d(H(HEKTUBHOCTH TEPMOJIUHAMU-
yeckoro nukia u Haaéxuoctu JC nmocpencTsom
nepepacnpenieNieHnss TeMJIOBBIX MOTOKOB BO
BHyTpeHHeM KoHType KTC, matn-addexrom,
HACOCHBIMHU TIOTEPSIMHU M TEpPETeUYKaMU BHYTPHU
BBITECHHUTETIS.

N30TEPMUYECKOE PACHIUPEHHUE
B TYPBUHE I'A30OTYPBUHHOI'O IBUT'ATEJIA
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ISOTHERMAL EXPANSION IN TURBINE OF GAS TURBINE ENGINE

Muraeva M.A. (Ufa State Aviation Technical University, Ufa, Russian Federation)

The work is devoted to a comprehensive study of application of isothermal expansion in GTE turbine as an al-
ternative approach to its improvement. The studies made allowed revealing the advantages and disadvantages of iso-
thermal expansion in turbine as part of GTE operation process, stipulating the problems and issues for further study,
as well as identifying a possible application field of isothermal expansion in gas-turbine equipment.

YpoBeHb TEpMOrazoAMHaAMUYECKOTO CO-
BEpIICHCTBA ra30TypOounHbIX apurareneit (I'T/T)
C KKIBIM JECATUICTHEM MPUOIMKACTCS K CBO-
€My MpeJeny, 4YTO OTHOCUTCS KaK K IoKazare-
nsm 3ddextuBHOCTH padoTh! y310B [T/, Tak u
K OCHOBHBIM T€PMOJMHAMUYECKUM NapameTpam
pabouero nukna ['T/l. IlosTomy u3 roga B ron
BO3pACTaeT KOJUYECTBO HUCCIEAOBAaHUM, MOCBS-
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HIEHHBIX opranu3anuu padotsl ['T/] mo paznuy-
HBIM CJIOHBIM TE€PMOJUHAMUYECKUM LIMKJIAM C
LIEJbI0 COBEPIICHCTBOBAHHUs pabodero mporec-
ca[1].

OnHuM W3 HanmpaBJI€HUI UCCIEI0BaHUI B
9TON 00JacTH SBJISETCS NpPUMEHEHHE IUKIa
I'TI ¢ u30TepMHUUECKUM PACIIUPEHUEM B TYp-
OuHe, B KOTOPOM MOJBOJ TEIUIa 3a CUET CIKUTa-



