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JIBuraTenu ¢ BHELIHMM IOJIBOJOM TEIUIOTHI IIPUBJIEKAIOT OOJbIIOE BHUMAHHUE B IOCIECIHUE
JECSATUIIETUS. DTO CBA3AHO C TEM, YTO OHU MOTYT IIPE0OPa30BbIBATh TEILIO U3 PA3IMYHbBIX UCTOUHUKOB
(HU3KOCOPTHBIC TPOMBILIUIEHHBIE OTXOABI TEIUIA, COJHEYHAs »JHEeprus, H30BITOYHOE TEIIo B
MUKpPO3JIEKTPOHHBIX cuUcTeMax M Jp.) Haumbonee pacnpocTpaHEeHHBIM TUIIOM SBJISETCS JABUTaTENb
CrupnuHra, KOTOpbIi HCIOJIB3YEeT MEXAHUYECKYHO IPUBOIHYIO CBSI3b C BBITECHUTENIEM U CHJIOBBIM
MOPUIHEM, YCOBEPIIEHCTBOBAHHON KOHCTPYKIMEH SBIsSIETCS CBOOOJHO TMOPILIHEBON JABUIaTelb
Crupnunra (FPSE). [1]. B mnocnennue npecatuneTvss HaOMIOAA€TCd HWHTEpEC K JBUTATESIM C
nynbcarimonHon Tpy6oit (AI1T) kak Kk OoTAeNbHOMY KJIACCy TEIUIOBBIX MAIMH C BHEITHUM IMOABOJIOM
TEIUIOTHI, KOHCTPYKIMS KOTOpBIX, B oTiamuue oT TAJl, Xapakrepusyercsi OTCYTCTBHEM OOJBIIUX
KOHTYpOB-pe3oHaTtopoB. Pabouuit npouecc AIIT ocHoBaH Ha TepMHUUECKOW MHEPUUU MPU y4aCTUHU
TEPMOAKYCTHUECKUX 3(PPeKTOB BO30Yy K aeHUs KoiebaTeabHoro npouecca. Koncrpykus asuratens ¢
NyJbCAllMOHHON  TpyOOH  aHAJIOrMYHAa KPUOOXJAAMUTENSIM U  XapaKTepU3yeTcsl  HaJIUYUEM
MyJIbCALIMOHHOM TPYOBI MEX/Y XOJIOJHOM U Topsvel 30HaMH OTBOJA M MOABOAA TEIUIOTHI. J[Burarenu
C MyJIbCAIIMOHHOW TPyOOH, KaK KOHCTPYKTHUBHO IPOCTHIC U JICIIEBbIE YCTPONUCTBA, XapaKTEPUIYIOTCS
TaKXe BO3MOKHOCTSIMH pean3aliys NpsiMoro 1 00paTHoro HUKJIOB.

B npexncraBneHHOM paboTe paccMOTpEH JABHUraTeNb C IMyJIbCALIUOHHOW TPyOOW, UMEET 30HY
10JBOJ1a (TOpAYMii TEMIIO0OMEHHHK U pEereHepaTop) U OTBOAA TEIJIOTHI, pa3/ieICHHbIX ITyJIbCAllHOHHON
TpyOOIi, XOJIOAHBIN TEINIOOOMEHHUK B PEreHepaTope, CBOOOIHBIN MOPIIEHb, KOTOPHIN BHIIOIHSIET
JIBOMHYIO POJIb JABMKUTENS pab0Yero Tejaa U MMUTALUU Harpy3Ku.

B pabore mpuBeneHo onucanue Matemaruueckoit monenu JAIIT u npencraBieHsl pe3ysibTaTbl
MOJIETTMPOBAaHUS YCTAaHOBUBLIETOCS peKuMa pabOoThl B MporpamMme sl pacyeTa CBOOOIHOIOPIIHEBBIX
nsurateneit Crupaunra [3, 4]. Ilokazano, yto 30..33 % Maccel pabodero Tena, HaXOJAsALIErocs B
MyJIbCAllMOHHON TpyOe, HEe ydacTBYeT B LIMKJIE MpPH MPOU3BOJACTBE MOJe3HOM pabothl. IIpoBenena
OLICHKa pEreHepaTMBHOIO IIpolLiecca, KOTOPBIM 3aKI04YacTcs B TOM, YTO Ta30BbIi IIOTOK B
MyJbCAlMOHHON Tpy0e B BO3BPATHO-NOCTYNATEIbHOM JBMKEHMHM HPOXOAUT MEXIY JBYMS
MOBEPXHOCTSAMU C TEMIIEPATYpHBIM TIPAaJUEHTOM B HalpaBJeHWU NOTOKAa. C MOMOLIBI0 KOHEYHO-
anemeHTHOI Monenu Fluent paccMoTpena fuHaMuKa TeueHUs B JBUTATeENe C MyJbCAlMOHHON TpyOoH,
MOJATBEPKJIEHO, UTO SAPO IMOTOKA HE MEPEMELLAETCS, a CITYKHUT JUIsl «YEITHOUHOH TEIUIONepeaaun» Uiu
«TIOXapHOI Lenoukm». JlaHHbIi 00beM pabodero Tena, Ha3bIBae€Mblil «pEreHepaTUBHBIM KOJIBLIOMY, HE
MOYET CUMTAThCS B MOJIHON Mepe MepTBbIM o0beMoM [IIIT. MepTBhlit 00beM B auratene CTUpIUHTa
UMEeT TEHJCHIIMIO ObITh HEOONBIIMM — OCOOEHHO MpPH KOAKCHATbHOW miu Oeta-xkoHurypanuu. C
MIOMOIIBIO Pa3pabOTaHHON KOHEYHO-3JIEMEHTHOW MOJIENIN JBUTATEIIS TPOU3BEICHA OIIEHKA MPH KaKUX
YCIIOBUSIX T'a30Bble 00BbEMBI U3 XOJOJHOM MOJIOCTU CXKaTUsl MEPEMEHHOro o0beMa MEepeceKaroT BCIO
JUIMHY PEreHEepPaTUBHOTO KOJbIa, YTOOBl BOWTH B TOPSAYYIO MOJOCTh Ha MPOTHBOIOJIOXKHOM KOHIIE.
Omnpenenenne oO0bema raza, KOTOPbI HUKOIJIa HE JTOCTUTAaeT — HE TOBOPS YK€ O MPOXOXKICHUH —
pereHeparopa IMO3BOJISIET ONPEACIIUTh BO3MOXKHOCTh MCIIOJIB30BaHMS MOJENIEH TEPMOJAMHAMUKH
MEPEMEHHOM MacChl AaHAJIOTUYHBIX UCIIOJIb3YEeMBIM JUIsl [BUrateneit CTupiauHra 6eta-KoHpurypamnuu.

[Ipoussenennoe CFD MonenupoBaHue TO3BOJIAET ClENaTh BBIBOABI O  (hakTopax,
OTIPENIETIAIOMNX KOHIENTyaIbHO pabounii mpouecc AI1T.
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The paper describes the mathematical model of the DPT and presents the results of modeling
the steady-state operation in the program for calculating Stirling free-piston engines [3, 4]. It is shown
that 30..33 % of the mass of the working fluid located in the pulsation tube does not participate in the
cycle during the production of useful work. The regenerative process is evaluated, which consists in the
fact that the gas flow in the pulsation pipe in a reciprocating motion passes between two surfaces with
a temperature gradient in the flow direction. The flow dynamics in an engine with a pulse tube is
considered with the help of the finite element model Fluent, and it is confirmed that the core of the flow
does not move, but serves for «shuttle heat transfer» or «fire chain". This volume of the working fluid,
called the «regenerative ring", cannot be considered a fully dead volume of the DPT. The dead volume
in a Stirling engine tends to be small-especially with a coaxial or beta configuration. Using the
developed finite element model of the engine, an estimate is made under which conditions the gas
volumes from the cold compression cavity of variable volume cross the entire length of the regenerative
ring to enter the hot cavity at the opposite end. Determining the volume of gas that never reaches — let
alone passes-the regenerator allows us to determine the possibility of using models of variable-mass
thermodynamics similar to those used for beta-configuration Stirling engines.
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