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AHHOTaNMA

Beenenne. Pa3zpaboTansl MaTeMaTHUYeCKast M YNCIIOBAsT MOJENN TOPEHHS TOIUIMBHOM CMECH B KaMepe CTrOpaHus
MHUKpOTYpOUHHOTO ABHraTens. CI0KHOCTh MOJIEIH MOXKET MEHSATHCS, UTO AaeT pa3paboTINKaM JJOCTATOUHO yTOOHBIH
HHCTPYMEHT pacueTra U MPOEeKTHPOBaHMs. MoJieH T03BOJIIIOT YUUTHIBATh TPEOyeMble 3a1aur IIPOSKTUPOBAHHUS ITyTEM
TIOIKITFOUEHHST ¥ OTKJIFOUEHHMS PA3INYHBIX (PH3MIECKUX IPOIECCOB, CO3/aBaTh ONTUMAIBHYIO 0 YPOBHIO CIOKHOCTH
MOJIEIb JUIs KaXKI0T0 KOHKpeTHOro ciy4ast. Mertoa. Pa3pabotka TpeOyemoii kKoHUrypanuu Ha9nHAETCS ¢ PACCMOTPEHUS
MPOCTON MoJeNnn OpyTTO-peaklui FOPEeHUsI KEpOCHHA B BO3AyXe 0€3 COIMpPSIKEHHOTO TEII00OMEeHa ¢ TBePABIMH
Tenamu. [lo3TamHo B METOAMKY pacyeTa J00aBISIOTCS MOJEITH PACIIUPEHHON KMHETHKH, 3aKPyUYe€HHOCTH MOTOKA,
H3ITy4YeHUs, TEIUI000OMEHA CO CTeHKaMH, HaJIM4IHs CMa3Ku B kepocuHe. OCHOBHBIE pe3y/IbTaThl. Pe3ynbraTsr pacuera
TeMIepaTypsl Ha CTeHKE U TIOJTHOTHI CTOPaHUs CPAaBHUBAIIHCH C TIOKA3aTesIMH TypOOPEaKTHBHBIX ABUTaTeNel (HPMBI
JetCat P100-RX n P550-PRO, nnTerpansHble XapaKTepUCTHKH KOTOPBIX XOPOIIO M3BECTHEL. B X01e BBHITOIHEHHBIX
pacdeTHBIX U HKCIICPUMEHTAIBHBIX HCCIICIOBAaHUI MTPOBEAEHO CPAaBHEHUE IIATEH ITOOSKATIOCTH HAa CTCHKAX KaMephl
CrOpaHus C paCUETHBIMU paclpeiesieHUsMU Temreparypsl. [lonyueHo BbICOKOe COBIAJCHUE PE3YIIbTaTOB Ul OJTHOU
MaTeMaTuuecKoi Mozeny. BeisiBiieH aexT iydmiero oxaxeHus: KaMepbl CrOpPaHUsI ¥ YBEINUESHYS TOJTHOTBI CTOPAHHUS
3a cyeT 3aKpyTKH IOTOKa 3a KoMmpeccopoM. [lonTBepikaeHo BiusiHHE 100aBKH Maciia B KEPOCHH Ha yBEJIHUYCHHE
YAENBHOTO pacxofa Tormsa Ha 1-4 %. Oocy:kaeHne. 3HAUMMOCTb MOTYyUEHHBIX PE3YIIbTATOB COCTOUT B BO3MOKHOCTH
MIPUMEHEHHUS MIPEATOKEHHON METOANKHI pacueTa B MHKEHEPHOU NpakTHKe. PaccMoTpeHHbIe MOAN(HKAIIMN MOAETH
TIPE/ICTABIISAIOT BAXKHBIIN ITAIl B CO3/IaHUH M BepU(PUKAINHI MaTeMaTHIECKOH MOJIENN BHYTPHKAMEPHBIX TIPOIIECCOB.
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Abstract

Mathematical and numerical models of the combustion of a fuel mixture in the combustion chamber of a microturbine
engine have been developed. Complexity of the models can vary, which gives developers a fairly convenient calculation
and design tool. Models allow to take into account the required design tasks by considering and not taking into account
various physical processes, and create an optimal complexity model for each specific case. The development of the
required configuration begins with the consideration of a simple model of the global kerosene in air combustion reaction
without conjugate heat exchange with solids. Step by step, models of extended kinetics, swirling flow, radiation, heat
exchange with walls, and the presence of lubricant oil in kerosene are added to the calculation methodology. The
results of calculating the wall temperature and combustion completeness were compared with those of JetCat P100-RX
and P550-PRO turbojet engines, the integral characteristics of which are well known. In the course of the performed
computational and experimental studies, a comparison of the run-off spots on the walls of the combustion chamber
with the calculated temperature distributions was performed. A good agreement of the results was obtained for the
complete mathematical model. The effect of better cooling of the combustion chamber and increasing the completeness
of combustion by twisting the flow behind the compressor is revealed. The effect of the addition of oil to kerosene on an
increase in specific fuel consumption by 1-4 % has been determined. The significance of the results obtained lies in the
possibility of applying the proposed calculation methodology in engineering practice. The considered modifications of
the model represent an important stage in the creation and verification of a mathematical model of in-chamber processes.
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BBenenue

Ha coBpemenHOM 3Tarne pa3BUTHs Ta30TypOMHHOMN Tex-
HUKH OCTPO CTOUT BONPOC HOBBIX METOAOB OPTaHU3ALUU
ropeHus B kaMmepax cropanus. CBs3aHO 3TO C TE€M, 4TO
TPaJIMIIMOHHBIE METO/IbI COBEPIIEHCTBOBAHUS I'a30TypOHH-
HeIx asurarenedt (I'TJ]) naBHo ucuepnansl. B muxpo-I'T/]
rpoOJieMa CTOUT OcTpee, TaK KaK HAKJIaIbIBAeTCsl HECKOJIb-
KO JIOTIOJTHUTEIBHBIX (DAKTOPOB: CIOKHOCThH OXJIAXKIICHUS
TypOMHBI 1, KaK CIIEJICTBIE, HU3Kas TEMIIepaTypa TopeHHs,
OOoNBIINE OTHOCHUTENBHBIE 3a30PBl U CBSI3aHHBIC C ATHM
CJIO)KHOCTH TIOITy"IE€HHSI BBICOKUX JABICHHI 38 KOMITPECCO-
pom. B Goipmmx sHEpreTHIecKuX TypOuHaX, He IMEIOIINX
CEpPBE3HBIX OTPAHUYEHUN Ha rabapuThl U MacCy, HAXOIST
TIPUMEHEHHE TEXHOJIOTHUH CKUTAHHS CBEPXOCTHBIX CMECEeH,
TEXHOJIOTHH TUTa3MEHHOTO ropenus [ 1, 2], mpoMexxyTouHOE
OXJIQXKJICHHE BO3/lyXa MEXJy CTyNEHIMHU KOMIIpeccopa u
NepeMelINBaHUE TOPSYETO U XOJOAHOTO ra30B MPpU MHO-
rocTaJuNHOM COKMTaHHMM TOIJIMBA B KaMepe CTOpaHUsl.
Juia muxpo-I'TII Bce 5T MeTOABI HENPUMEHUMBI B CUILY
Macmrtaba, rabapuTHBIX U CTOMMOCTHBIX OIpaHUYCHUH.

3aTpyIHEHO M SKCHEPHMEHTAIBHOE M3yUeHHE ITPOLIECCOB
TOPEHHSI.

W3BecTHBI KCIIEPUMEHTAIBHBIE U YHCIICHHBIE HCCIle-
JIOBaHMSI, B KOTOPBIX MPEICTABICHBI MTOAXO/bI Pa3INIHON
CTEIEHH CJIOKHOCTH K IPOSKTHPOBAHMIO U COBEPIICHCTBO-
BaHuto MUKpo-I'T/ [3—5] nns paznuunbix 3agad. Cpenu
TaKHMX MOIXO/I0B MOXKHO BBIACJIUTE PACUCTHI B HYJIbMEPHOI
MOCTaHOBKe [6, 7], ¥ B AMHAMHYECKOW MOJICITH ABUTATEIIS
[8], pe3ymbTaThl KOTOPHIX CPAaBHUBAIOTCS C TaHHBIMA IO
YAETBHOMY PacXoiy TOIUIMBA, OTYYEHHOMY B XO€ JIeT-
HBIX OKCIICPUMEHTOB.

B pabore [5] paccMOTpeHbl 0COOCHHOCTH PACUYeTOB
OCHOBHBIX JIEMEHTOB MPOTOUHOH yacTi MUKpo-I T/ (1ieH-
TPOOEKHBII KOMIIpECCOp, MPOTHBONIOTOYHAS KaMepa cropa-
HUS, paJiMalIbHO-0ceBast TypOuHa). Mcrnonbp3oBaHa npocras
MO/JIeJIb TOPEHHS 0€3 CONPSIKEHHOTO TeIIoo0OMeHa st
OBICTPOTO BBISICHEHHSI CAMBIX HAarpeThIX YacTeH jKapoBOM
TpyOBI. IIpH 3TOM HCKITIOYEHA BO3MOMKHOCTD OXJIAXKICHUS
TpyO M3TyueHNEM U BHYTPEHHUMH TEIUIOBBIMHU ITOTOKaMH.

B paborax [9-11] mocTpoeHBI MOJETH CTAITHOHAPHBIX 1
HECTAaIMOHAPHBIX pabounx mporeccos B aurarene JetCat
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M.B. bynar, J1.0. BokuH, K.H. Bonkos, A.B. Hukntenko, H.B. NpoaaH, M.E. PeHeB

P400, a uyncneHHble pacueThbl MPOBEACHBI I Pa3TUUHBIX
CKOpOCTel BpalleHHs Bajla TypOMHBI M pacxona BO3.Yy-
xa. Paznnynble BccienoBaTesn AKCIIEPUMEHTUPYIOT CO
CTETICHBIO CIIOKHOCTH MOJETH XUMHUYECKOH KMHETHKH H
KoIm4uecTBOM peaknuit. Tak, B padore [12] ucrmons3oBana
MOJIENb, B KOTOPOH yUTeHHI 1127 XUMITYECKUX peaKIil s
127 xOMIIOHEHT TOIDIMBHOM cMecu. [Ipu momorm naHHo#
MOJIETTH TIOJyYEHBI paclpele/ieHns B KaMepe CropaHus
TapaMeTPOB MOTOKA (IaBICHHSL, TEMIIEPATyPHI U CKOPOCTH),
a TaKk)Ke MHTeTpabHBIC XapaKTepucTHKH Apuraresns JetCat
P200-RX. Bbicokas CI0)KHOCTh MOJCIICH, TPEOYIOIHUX
OOJIBLINX BBIYMCIUTEIBHBIX PECYpCOB, HE BCErja Mpak-
THUYHA M OlpaBaaHa. YacTo JOCTATOUYHO «WHIKEHEPHOM»
TOYHOCTH, KaK 3TO MoKa3aHo B padote [13], B koTopoi
BBINOJIHEHO MOJICIIMPOBAHUE TOPEHUSI CMECH KepOCHHA U
JKUAKOTO Bogopoaa B pakeTHoM jsuraresne PII-120. Lenast
cepust padOT TTOCBSIICHA N3YYEHHUIO BO3MOXKHOCTH YHCIICH-
HOTO MOJICITHPOBAHUS PabOThI YHEPTETHUCSCKUX HA3EMHBIX
mukpo-I'TIl Ha TpUpPOAHOM ra3e u ero CMecH ¢ BOJOPO-
oM [14, 15], 6morasze un mpoxaykrax muponusa [16, 17],
cuHTtes-raze (roprouas cmece CO + H,, momyuaemast u3
yIIIEBOJIOPO/IOB, Oromacchel) [18], npyrux Tumax Toruiu-
Ba [19], B TOM uuCIIEe C UCTIOIB30BAHUEM YCIOKHEHHBIX U
MHOTOCTaJIUIHBIX cxeM cxuranus [20]. B atux paborax
JUISL BOZIOPO/Ia MCIIOIb30Ballach OPYTTO-peaKIyst TOPeHus,
XOTSI MU3BECTHO, YTO TOPEHHE BOAOPO/A UMEET LIEIHOM Xa-
pakrep peakunii. OTMETHM, YTO B JIaHHBIX paboTax He
PaccMOTPEHO M3IIyYEHHUE U COMpPSDKEHHBIN TEII000MeH
ra3a ¢ METaJUIOM KaMepbl CTOPaHMI.

B 00630pHEIX padorax [21, 22] nmpuBeneHa mogdopka
MpOCThIX Mojenel 1t Mukpo-I'T]I, B ToM unciie ropeHus B
KaMmepe cropanus. 1 oTMedeHo, 9TO H3BECTHBIE MOJICITH HEe
TTO3BOJISTIOT JI€aTh MOAPOOHBIN aHATIH3 MEXaHU3MOB TOpe-
HUS ¥ TIOJTy4aTh JOCTOBEPHBIC OOBEMHBIC pacTIpe/ICICHUS
ToJ1eH ra30JHHAMUYIECKUX ITapaMeTPOB B KAMEPE CTOPaHHUs,
OJIHAKO MPHUTOHBI JUISl TIEPBUYHBIX U IMPOCTHIX OL[CHOK.

B nacrosiniem mccienoBanuu copMynupoBaHa 1eib
MOCTPOCHUSI KOMIIOHEHTHOM MareMaTH4eCcKOi 1 YMCICHHOM
MOJIEJIM TOPEHHUSI KePOCHHA B BO3JyXE B KaMepe CropaHust
Mukpo-I'T/l, B KoTOpo#l MOKHO OBUTO OBI MOAKITIOYATH
1 OTKJIIOYaTh MOJICIH OTIEJIBHBIX (U3NKO-XUMHUECKHUX
MPOIIECCOB M, TAKMM 00pa30M, U3y4aTh WX BIUSHHUE Ha
JIOKaIbHBIC U MHTETPAbHBIC XapaKTEPUCTUKH KaMepHI
cropanus Mukpo-I'T/I.

Meton

B kauectBe 0OBeKTa Hccie0BaHUs BEIOpaHbI KamMe-
pel cropanus (puc. 1) uzBectusix Mukpo-I'TI] pupmsbl
JetCat! — JetCat P100-RX u JetCat P550-PRO. 310 Ma-
nmorabapuTHBIE TYpOOPEaKTUBHBIC IBUTATEIH, CO3/IAI0-
e tary 100 u 550 H cooTBeTCTBEHHO, IPU pacxomax
kepocuna 390 u 1650 MyI/MUH, CMEIIAHHOTO C MacjioM
JUIS CMa3KH TTOJIINITHUKOB B KOJIHYECTBE 5 % OT Macchl
roprodero. CTeneHs CxaTus BO3Lyxa B KoMmpeccope 2,9 u
3,8, a pacxonbl Bo3ayxa 0,23 u 0,93 Kr/c COOTBETCTBEHHO.

Kamepa cropanus paboTaet cieqyroinuM o0pa3oMm.
Boznyx u3 nuddyzopa komnpeccopa / mocrymnaer noji

I [Dnextponnsiii pecypc]. Pexum pocrtyna: https://www.
jetcat.de/en (mara obpamenus: 16.07.2024).

JIaBJICHUEM B 3230pbl: MEXJly KOPIIyCOM JBUTaTeNs 5 U
CTEHKaMH >KapoBOil TpyObl 2 KaMepbl CrOpaHus, MeXy
JKapoBOH TPy0Ooii 1 BTynkoi 4. KepocnH B cMecu ¢ Maciiom
MOJJaeTCsl B MCHapUTeNIbHbIE TPYOKH 3. B HUX KepocuH
ucnapsercs. [lapsl monagaroT U3 UCIapUTEIbHBIX TPyOOK
B 00beM KapoBoi TpyOs! 2. Uepes oTBEpCTHS B jKapOBOH
TpyOe mogaercs Bo3ayX. BHyTpH japoBoii TpyOBI HMeeTcst
oyar TOpeHHs, CO3[[aBaeMblii CBEYOMN 3aKUTaHUSI.

BrInonHeHo cpaBHEHNE YaCTH YHCICHHBIX PE3YlbTa-
toB Ha Mukpo-I'T/[ JetCat P100-RX ¢ pesynsraTamm —
JetCat P550-PRO. B xauecTBe maTepuaia kamep cropa-
HUS B pacueTax MpuHATa Hepxaseromas ctanb AISI 430.
Maremarnueckast MOZIENb IOCTPOEHA ITyTeM ITOCTEIIEHHOTO
YCIIO)KHEHHSI 33 CUeT J0OaBJICHUS K MCXOIHOW MPOCTON
OpYTTO-MOJIEIIN TOPEHUS MOZIEIIEH, YIUTHIBAIOLIHUX JOTIO-
HUTEJIbHBIE (PU3UKO-XMMHUYECKUE POLIECCHI.

Mogeas I. Craumonapuas 3agava. Pematorcs ycpen-
HeHHble o Peitnonbacy ypasuenust HaBre—Crokca (k-o
SST — Shear Stress Transport) a1t COBEpIIEHHOTO rasa,
MIPEICTABISIIOIIET0 COOOH cMech MPOAYKTOB CTOPAHHUS C
y4eTOM OpyTTO-peaknuu ropeHus (KepoCHUH-KHUCIOPOI,
BCTpOeHHasi B iporpammy Ansys Fluent, B koTopoii Obuiu
BBITIOJTHEHBI Bee pacueThl). ConpsiKeHHBIN TEMI000MeH He
yuteH. Ha Bxojie B kamepy cropanusi (1ocie KoMnpeccopa)
3a/1aeTCs BO3/AYX C MOJHBIM faBienueM 294 klla u temre-
parypoit 450 K. B ucniapureibHbie TpyOKH MOAACTCS H3BHE
YHCTBIN KepocuH ¢ pacxonoM 390 Mi/MUH Ha UCTIAPUTENb-
Hble TpyOKH. Ha BbIXO/e M3 KaMephl CrOpaHus 3a/1aeTcst
CTaTUYECKOE JIaBJICHHE TaK, YTOOBI IOJIHBIA TOTOK BO3-
JIyXa COOTBETCTBOBAJ 3asBIeHHOMY 3HaueHuio 0,23 kr/c.
PasnocTHas cetka cocTouT U3 1,5 MIIH 2JIEMEHTOB U CTPO-
utcs ot 1/12 gactu pacdetHoit odmactu. Moaens B3anMo-
nerictBust TypOysieHTHOCTH U iamern — Eddy Dissipation
Concept. Xumuueckwuii pemarens — Stiff Solver.

Puc. 1. Kamepa cropanus nsurarens JetCat: [ — nuddysop;
2 — xapoBas TpyOa; 3 — ucnapurenbHas TpyOka; 4 — BTYJIKa;
5 — KopIyc aBUraTens

Fig. 1. JetCat engine combustion chamber, / — diffuser, 2 —
flame tube, 3 — evaporator tube, 4 — bushing, 5 — engine
housing
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Mogeas II. B nonosiHenue k moanesu I yuureiBaercs
CONPSIZKeHHBIH Tenj1000MeH. B xauecTBe Marepuasa cre-
HOK >KapoBOW TPyOBI U MCTIAPUTEIBHBIX TPYOOK MPUHATA
cTanb ¢ TeriaonpoBoaHocThio 16 Br/(MK). Ocranbhbie
yacT (BTyJKa, 1uddy30p, KOpIyc) — W3 aJTIOMHHHSL.
I'pannyHbIE yCIOBUS AOMOJHEHBI YCIOBUSIMH OXJIAXKIe-
HUSI KOpITyca JIBUTATeIIsl CHApY XXM M3ITydeHueM. TerutoBoit
HOTOK F,,; C y4E€TOM HOpPMAaJbHOU TeMIIepaTypbl Cpebl U
K03()(PUIIMEHTOB BUIMMOCTH U CEPOCTH AJTIOMHUHUS TIPH
TEMIIepaType CTeHKN 1 MPUHST

Frad = O’IKVSB(T4 - (293[K])4),

rae K gz — mocrosnnas Credana—bonbiimana.

Mogaeas III ¢ pacmnpenHoli kuHeTukoi. Pac-
CMaTpPUBAIOTCSI 8 KOMIIOHEHT CMECH: JIBa COpTa KepOCHHA
(mapaduHOBBIH «p» U HAQTEHOBBIH «N»), MOJEKYISPHBIA
azoT u kuciuopox (O,), yrnekuciusiii raz (CO,) u Bozxa
(H,0), yrapnsrii ra3 (CO) u monexyssipasiit Bogopon (H,)

C,,H5, + 60, — 12CO + 12H,,

C,Hy4 + 60, — 12CO + 12H,,

CO + 0,50, — CO,,
C02 — CO + 02,
H2 + 0,502 — H20

HadreHoBBIi cOpT KepOCHHA CIOKHEE BOCIIIAMEHSIET-
csl, ueM mapaUHOBBIHM, U X MACCOBBIC IO B KEPOCHHE
pasusl 0,417 (p) u 0,583 (n). KoadpdummenTs! n peaxum
onucanbl B padore [13].

Mogaeas 1V, uznyuenue. Jlo6aBnseTcs Moaelb U3-
ny4enus: Discrete Ordinate. DTo Moz€ib, YUUTHIBAIOIIASL
U3JTy4EHHE/TIOMVIONICHUE TTOBEPXHOCTSMH TBEPABIX TN U
ra3000pa3Hoii cpenoit. 3iyueHne mepeHOCHUTCS «ITyIaMIDy
C y4eToM HampaslieHHs1. J{J1s TOBepXHOCTEH TBEPIBIX TEl
3ajaeTcst KOAQPUIMEHT CepocTH (CTabHAS JKapoBasi TPy-
6a — 0,9, amomunanii — 0,2). [lns pacyera U3 TydeHus TUIa-
MEHH uctonb3yercst koadunuent nortomenus WSGGM-
domain-based. OH aBTOMaTHYECKH PACCUUTHIBACTCS IO
COCTaBy CpeNbl M €€ TEPMOAMHAMHYECKOMY COCTOSHHIO.

Mopeasb V, ucnapurteiabnsle TpyOkn. B peansHOM
JIBUTATEJIE NCHApUTEIbHbIE TPYOKH HAarpeBarTcs B pe-
3yJIBTATe TOPEHUS TOIUTMBHOM CMecH B 00beMe KaMepbl
CropaHusd, a IIpu 3aXKUT'aHUU (baKeJ'[OM — JOIIOJITHUTCIIb-
HOW 3amajieHHO# TPyOKH, OCHAIEHHOW DIEKTPHUECKOM
cBe4oit 3akuranus. UtoObl YHTH OT mpoOiieM, CBsI3aHHBIX
¢ (ha30BBIM IEPEX0/IOM KEPOCHHA U3 KHIKOTO COCTOSHHMS
B ra3000pa3Hoe, B MOJIeH V MPHUHSTO, YTO KEPOCHH I10/1a-
eTcsl B KaMepy CrOpaHHs yXKe B ra3000pa3HOM COCTOSTHHH.
Cuuraercs, 4TO UCTIApUTEITbHBIC TPYOKH BBINOJIHSIOT CBOIO
(YHKIHMIO B TIOJTHOM Mepe, T. €. KEPOCHH UCTIapsieTCs B HAX
TTOTHOCTRIO. [Tt 9TOTO BHYTPH KapOBOit TPYOHI BO BpeMs
TOPEHUs K TpyOKaM JIOJDKHA MOCTYHaTh TEIUIOBasi IHEp-
T'Hsl, paBHasl 9HEPTUM MCIIAPEHUs! KepocuHa. B pacuerax
3a/aeTcs (GUKCHPOBAHHAS PABHOMEPHO pacipesesieHHas
MOBEPXHOCTHAS MOIIIHOCTh OXJIAXKICHUS TPYOOK, KOTOpast
OTIpe/IeIIIeTCs] PACXOIOM TOIUIMBA, TEINIOTON €ro hcmape-
HUSI Y TIJTOIIA/IBIO TIOBEPXHOCTH TPYOOK.

Mogaens VI, paziinuHbie ypaBHeHUs] TypOYyJIeHTHO-
cTH. [IpoBeeHO NONOIHUTENBHOE HCCIIEJOBAHNE 3aBH-

CHUMOCTH Pe3yJIbTaTOB PEIICHUS! OT MOJEH TypOyJIeHTHO-
ctu. PaccmarpuBanmick mozenu k-€ u k- SST. OcHoBHOE
OTIINYME MOJICTICH B TOYHOCTH OIMCAHMS MPUCTEHOYHBIX
MPOLIECCOB, ONMPEEIAIONINX TEMIOBOE COCTOSHUE CTEHOK
JKapoBOH TPyOBI M MX OXJaxeHne. Moxens k- cauraercst
MpUEMIIEMOH /TS pacueTa TEUCHHUs B «00bEeMe» B Tl OT
CTEHOK M MCITIONB3YET /ISl pacueTa MOTPAaHWIHBIX CJI0EB U
MPUCTEHHBIX TEUCHUH MPUCTeHOYHbIE (PpyHKIMH. Mozenb
k-0 SST mMoxeT ObITH MPUMEHEHA | JIJIST TOYHOTO pacueTa
TedeHus BOJIM3H CTEHOK, HO TpeOyeT moapoOHOi pa3HoCT-
HOM CETKH JJIsl pa3pelleHus IOrpaHuyHOro CIIOs.

Moneas VII, 3akpy4eHHblii MOTOK. Bo MHOTMX HY/b- 1
OZIHOMEPHBIX MOJIEJISIX HE YUUTBIBAETCS, YTO 32 KOMITPECCO-
POM [IOTOK 3aKPY4MBAETCSI M OTKJIOHSETCSI B IIMIIMHAPUYECKUX
KOOpJIMHATax Ha yrou nopsijaka 30° OTHOCHTENTBHO BEKTOpa
€,. B nanHoii Moguukanuy Moaenu 5T0T 3T yuTeH.

Mopneas VIII, macsio B roprwouem. B mukpo-I'T{ mist
9KOHOMHMH MECTa W MACChl HE HCIIOIb3yETCs OTACIbHAs
cucTeMa Uil CMa3KH MOAMMITHUKOB. OHM CMa3bIBAIOTCS
cMmeckio kepocuHa (95 %) n mammHHOTO Macna (5 %) u3
TOTUIMBHOTO 0aka. Pacxox TOMIMBHONM cMecH Ha CMasKy
COCTAaBISICT MPUMEPHO 1/7 MOJIHOTO pacxoa TOILIUBA Y
neurarened JetCat P100-RX u 1/12 y JetCat P550-PRO.
Macio uMeeT HU3IIYIO TeIIOTBOPHYIO CIIOCOOHOCTb, paB-
Hyto 41 MJDx/kr, B TO BpeMst kak kepocuH — 43 MJx/kr.
EcrecTBeHHO NPEANONokKHTh, 4TO 100aBKa Macia K roplo-
YeMy MOJKET OKa3aTh BIMSIHUE Ha TEMIIEpaTypy IUIaMEHU U
MOJHOTY cropanust. MoJieKkyia Maciia CJI0KHEE MOJIEKYITbI
KEpOCHHA, CJIeI0BATEIbHO, IIPOLIECCH €€ PA3IOKEHHUS JI0
CO u H, nomxasr nartu ponsiie. Tonbko mocie pasnoxe-
HUSI MOJIEKYJIbl HAQUMHAIOT MPOTEKaTh Hanboee 3K30Tep-
muueckue peakin oopazosanus H,O u CO,. B metonuke
yKe HIMEETCs MOJIETIb Pa3JIOKEHNsSI KEPOCHHA JIO CHHTE3-Ta-
3a M €ro moclieAyromiero ropenusi. Heo6xoanmo 1006aBUTH
peaxIy pa3nokKeHUs MAIIMHHOTO Macja 10 CHHTE3-Ta3a.
B paGote [17] npuBeieHbl JaHHBIE 110 TEIUIOBOMY Pa3iio-
JKEHHIO OTPadOTaHHOTO MAIIMHHOTO Macja B KUCIOPOIHOM
cpelie ¢ U3MEpeHUeM CKopocTu peakiuu. Peaxuus [17]
MPOXOMJIA B [IBA 3TAla M 3aBHCENIa OT MOIIHOCTH Harpena
Karm-oopasna (L) u ee Maccel. Ha mepBom atamne — nc-
napeHne, Ha BTOPOM — Pa3JIoKeHHe:

1 = o0il: (L)Cy6H39 — CyHso,
2 —oil: C16H30 + 02 — 16CO + 15H2,

. _ 6
Sioil — 280 x 103 1 exp 38 x 10° [ dox/xmoub) ’
[CisHso c RT

S —0l 1

—2 5,7 x 106~ |
[Ci6Hso] c

_ 6
% [ [0, Jexp 166 x 10°[[1x/xMO0b | ,

RT

rae R — YHUBEpPCaJIbHaA ra3oBasd MOCTOsIHHAsA, S170i1 u
SZ—oil — CKOPOCTH pCaKIuH pa3jioKEHUA Macjia C KOHIICH-
Tpaumeﬁ [C16H30].

,Z[J'IH nepecyeTra CKOpOCTU pEaKInu 1o yCiIOoBHUs TCKY-
mef/i 3aJa4u ObUIH CACJIaHbI CICAYIOIIUEC MPCATIOTOKCHUSA.
C‘{I/ITaeTCﬂ, YTO Kalllld BBITCKACT U3 TPY6KI/I JAUCKPETHO C
JacTOTOM OJIMH pPa3 B MUJUJIMCCKYHAY U €€ UCITapCHUC HaA-
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YHHAETCSl C MOMEHTA TIOKUIaHHs HCTIapUTENEHON TPyOKH.
W3BecTHBIN pacxol Macia U 3a/JaHHasi yactora oopaso-
BaHUS Karejib MTO3BOJSICT BBIYNCIUTE Pa3Mephl U Maccy
Karui. HarpeB karumi Maciia IpOMCXOHT B IUITAMEHU TIPH
temieparype 10 2000 K, yTo sBiseTcss THIMYHON TemIe-
parypoii B pakene. HeoOXoanmMo OTMETHTb, UTO CIICTaHHbIC
TIPEATIONOKEHNS HUKAK HE BIMSIOT HA PEAKIINH pa3JioxKe-
HUSI 1 Ha KOJINYECTBO CHHTE3-ra3a. Hexoropele ommoku
MOTYT OBITH B CKOPOCTH 00pa30BaHUs MMapoB Macia H,
COOTBETCTBEHHO, B COCTABE I'a3a B OKPECTHOCTH BBIXOIHBIX
OTBEPCTHI HCHAPUTENBHBIX TPYyOOK. OHAKO J10J1s Maciia B
TOpPIOYEM Majia U 3TO BJIMAHUC HE MOXKET 6I)ITI) OIYyTUMBIM.

PesyabTarsl

B pesynbraTe pacyeToB MOMYYEHBI paclpeaeIeHHs
temneparypsl (7)) u gaBiaeHus (p) Ha CTEHKAaX KaMepsl
CropaHMs M UCIAPUTEIIBHBIX TPyOKaX, pacdeTHbIC MsATHA
M00EKAIOCTH Ha CTEHKAaX KaMepbl CrOPaHUs U MPOQHIH
CpeHUX TapamMeTpoB (V' — CKOpOCTb) MO CEUEHHIO KaMephI
cropanus. OcpelHeHHE TapaMeTpOB MPOU3BOIUIOCH I10
TUTOIA/IM TTOTIEPEYHOTO CEUEHHS B PA3HBIX CEUCHHSIX 110
JUIMHE KaMepbl cropanusi. PacripeneneHus HEKOTOPBIX U3
9TUX PE3yNbTAaTOB IpeJCTaBleHbl Ha puc. 2, 3. CpenHue
BEJIMYMHBI ITPEACTABICHBI Ha PUC. 4.

300

Puc. 2. PacnipeneneHue TeMeparypsl Ha CTEHKaX >KapoBOH TPpyObI At MOAETEH:
[ (a); 11 (b); 1L (¢); 1V (d)
Fig. 2. Temperature distribution on the walls of the flame tube for models:I (a); 11 (b); 111 (c); IV (d)

Puc. 3. PacnipeneneHue msiTeH mooOekarocTu Ui )kapoBbiX TpyO neurareneit JetCat P100-RX (a—c) u JetCat P550-PRO (d—f)
UL Mozienelt TypOyneHTHOCTH: k-0 (a, d); k-€ (Momens V) (b, e); k-& 1 3axpyTka moroka (Moxens VII) (c, f)
Fig. 3. Distribution of tarnish spots for flame tubes JetCat P100-RX (a—c) and JetCat P550-PRO (d—f) for turbulence models:
k-0 (a, d); k- (model VI) (b, e); k-¢ and flow swirl (model VII) (c, f)
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KoHburypurpyembie MOAEM rOPeHnst B kKaMepe CropaHns MMKpOTYPOUHHOIo ABuraTens...
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Puc. 4. 3aBucuMocTH CpeHUX 3HaUYCHUH ckopocTu V (a), naBnenus p (b) u Temneparypsl T (¢) IO CEUSHUIO BHYTPH )KapOBOH TPyOBI
kamep cropanus asurareneit JetCat P100-RX (0) u JetCat P550-PRO (5%) 0T HOpMHPOBaHHOI Ha JUIMHY TPYOBI /.., KOOPAUHATBI
BJIOJIb OCH TPYOBI z

Fig. 4. Dependences of the average mass flow rate through the section inside the flame tube of the characteristics — velocity
(a), static pressure (b), static temperature (c) of the JetCat P100-RX (0) and JetCat P550-PRO (5¥) combustion chambers on the
coordinates normalized to the length of the pipe /_,,,, along the pipe axis z

Puc. 5. Pactipesienienne BETOB 10OEKAIOCTH Ha HOBEPXHOCTH
JKapoBOM TPyOBI 111 Kamepsl cropanus asurarens JetCat P100-
RX (xomocroii xo/m)

Fig. 5. Distribution of tarnish colors on the surface of the flame
tube for the combustion chamber of the JetCat P100-RX engine
(idle)

BerInonHeHo cpaBHEHHUE MSTEH T00EXKAIOCTH U3 pac-
YEeTOB KaMepbl CrOpaHus C ISITHAMHU, PU3NYECKU 0Opa-
30BaBIIMMUCS Ha CTEHKaX Kamepsl cropanus (puc. 5), a
TaK)Xe C TeMIIepaTypoil ra3a 3a TypOWHOH, KOTOPYIO BBI-
JlaBall JaTYMK TEeMIIEPaTypbl, yCTAaHOBICHHBIN Ha JBUTa-
Tesb. VI3BecTHAs CTENCHb MOHIDKEHNUS IaBJICHHS Ha KOJIe-
ce TypOWHBI TTO3BOJISIA BBIYUCINTE TEMIEPATypy Hepesn
TypOMHOM ¥ CPaBHUTH €€ C JAaHHBIMU YHCIEHHOTO pacdyera
MIPOLIECCOB TOPEHHUSL.

Oobcy:xnenune

HOHy‘IeHHLIG Ppe3yibTaThl NO3BOJIWIN BBISIBUTH CTCIICHD
BIIMAHUA (I)I/IBI/IKO-XI/IMI/I‘IGCKI/IX IIPOLECCOB HAa TOPEHUE U

(hopmupoBaHue TemIiepaTypHbix noseil. Camast npocTast
Mozenb (Mozens 1) 1aetT cuiIbHO 3aBBIICHHBIE TEMIIepa-
TYpPBI, KOTOpBIE MPEBbIMIAIOT (akTHueckue Oosiee 4eM Ha
500 K. Yuer teruooomena (Monens 1) mo3Bomsier moze-
JUPOBATh OXJIAXKICHUE BHYTPECHHUX CTCHOK M MPHUBOIUAT
K Ooyiee pealrCTUIHOMY paclpeaesiCHHI0 TeMIIepaTyphl,
HO MaKCHMaJbHas TeMIIepaTypa YMEHBIIAeTCs BCEro Ha
100 K. bonee mogpobnas kunetuka (moaens I11) mo3Bo-
JISIT BBIYMCIATH CTETIEHb MOJTHOTHI CTOPAHUs, IPH 3TOM
MaKCHUMaJIbHbIC TEMIIEPATypPhl eIl HEe3HAUYUTEIbHO MTOHU-
3unck. [1pononbHbIe paMeps! (akesa Bee ele 3HaYUTeb-
HO OoJiblie, YeM CIIeyeT U3 Pe3y/IbTaToB dKCIIEPUMEHTA.
B pesynbrare Temreparypa BHyTPEHHEH CTEHKH KapoBOM
TpyOBI B pailoHe BBIXOJIa K HANPABISIONIEMY arrapary
TYpOHMHBI CYIIECTBEHHO BBILIE, YEM OXKHJIAETCSI, UCXOMS M3
M3BECTHBIX XapaKTEPUCTUK MaTeprata KaMephbl CTOPaHHS.

VYuaer uznyuenus (Monens [V) oxumaemMo mpuBed K
YMEHBIIICHUIO TEMITEPATyPhI B 00JIaCTH TOPEHUS 1 Ha CTCH-
KaX, TaK KaKk ”HTEHCUBHOCTD TETJIOBOTO ITOTOKA U3TYICHHS
MPOTOPIMOHATFHA TEMIIEPaType B YETBEPTOH CTEIEHHU.
Temneparypa y BbIX0[a U3 KaMephl CTOPaHHS yIaja cpasy
Ha 500 K, mo cpaBHeHuto ¢ Mozensio I. B axcriepumMenTax ¢
neuraresiem JetCat P100-RX maruuk temiieparyps 3a TypOu-
HOI Ha MAKCMaJILHOM PeXHUME PaboThI (4aCTOTa BPAILICHUSI
154 000 06/muH) onpenenui 3naueHue 1010 K, uto mo3Bo-
JIMJIO T10 CTETIEHH TIOHM>)KEHUS JIABJICHNS] Ha KOJIeCe TYypOUHbI
HalTu TeMneparypy nepexn Heit — 1150 K. Cpennee no
CCUCHUIO 3HAYCHUE TEMIIEPATyPHI, OIyUYCHHOE B PE3YIIb-
TaTe YUCIIEHHOT o pacyeTa, paBHsuiochk 1210 K, 1. e. otnuue
cocrasmio Beero 60 K. C ygerom TOT0, 9TO peyb HIECT UMEH-
HO O CpeJHEM 3HAYCHUH, 3TO OUCHb XOPOIIUI Pe3yIIbTar.

JlomomHUTETRHO OBUT U3YYEH BOIIPOC BIUSHHSA HA pe-
3ynbrarhl pacueroB monenu VIII ucnapenus cmecu ropro-
yero u Macia. [yt aToro B Mozesb Obut 100aBieH 3 dekr
3arpar Teria Ha (a3oBblii nepexos. [lockonbky Teriora
ucnapenus kepocuna (240 x/[x/kr) B 180 pa3 meHsblie,
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yeM Tterutora ero cropanus (43 000 k/[x/kr), To 3HAYMMOTO
a¢dexra He ObUT0 00HApYX)eHO. VcciienoBaHe BIHUSHUS
Macia B TOPIOYEM MPOHMCXOIMIO CICAYIOMIMM 00pa3oMm.
BBImonHsmch pacyeTsl B OIMHAKOBBIX YCIOBHSIX ISl CMECH
100 % xepocuHa ¢ Bo3nyxoM, 95 % kepocuHa ¢ BO3LyXOM
(bonee bemHas cmech), 95 % kepocuHa U 5 % Macia ¢ BO3-
nyxom. Jlobasnenue 5 % macia MpUBOANT K YMEHBIICHUIO
noHOTHI cropanust Ha 4 % 1t aurarens JetCat P100-RX
u Ha 1 % s JetCat P5S50-PRO. Pasuuna cBs3ana ¢ teM,
gyto y JetCat P100-RX TormBo nogaercs yepes 7 TpyOoK,
a y JetCat P550-PRO — ugepe3 12. M3navyanbHo Jiydiiee
CMEIICHHE MTPUBOJIUT K YBEINYCHHIO HAXOXKACHHE TOTUINB-
HOW cMecH B 00JIaCTH TOPEHHUS ¥ MACJIO YCIIEBAET Croparh.

3akpyTka noroka (moxens VII) mpuBogut k yBenn-
YEHUIO TUJpaBIndeckux noreps ¢ 8 1o 14 % y JetCat
P100-RX u ¢ 5 109 %y JetCat P550-PRO 3a cuer noteps
Ha BUXpeooOpa3oBanue. [loqHOTa CropaHus py 3TOM BO3-
pactana ¢ 98 u 92 % 10 99 u 98 % coOTBETCTBEHHO, U3-3a
OOITBIIIETO BPEMEHH HAXO0XK/ICHUSI TOTIMBHOI CMECH B 30HE
ropeHus. TeMmepaTypa >kapoBOi TpyObl yMEHBIINIACK.

HccnenoBanme MpUMEHUMOCTH MOAeNel TypOyIeHT-
HOCTH BBINOJHSIIOCH B cexTope 1/12 ¢ mepuoanveckumMu
IPaHUYHBIMHU YCIIOBHSMHU Ha ceTke ¢ 1,5 MIIH siueex JUIst
JetCat P100-RX u 2 mun sueek mus JetCat P550-PRO.
Ha onHoit u TO# e pacdeTHOH ceTke CO CryIleHUsIMU
BOJIM3M METANIMYECKHX CTeHOK B ciaydae JetCat P100-RX
MOJICITU TypOYIICHTHOCTH k-€ (C MPUCTCHOYHBIMU (DYHKIIH-
siMn) U k-@ SST (psiMmoe paspenieHne TeUdeHus y CTEHOK)
JlaJIM MIGHTUYHBIM pe3ynbTaT, YTO HEyANBUTEIbHO, TaK
KaK B 9THX YCIIOBHAX MozelnH k- SST u k- SKBUBaJICHTHL.
B ciywae mpeurarens JetCat P550-PRO kamepa cropanus
ropaszo KpyIHee, ceTka Obl1a mocTpoeHa rpyoas. Moaens
k-g& nmanma pe3ynbTaT COITIACYIOIIUICS C 3KCIIEPUMEHTOM.
Monenb k-0 SST, B cBOIO ouepe/n, mpuBesa K, O4YeBHUIHO,
3aBBILICHHBIM TeMIIEpaTypaM M Ioka3aja HpU3HaKH Ipo-
TOpaHus )KapoBOU TPyObI, OTIIMYMS B ISTHAX M0OEKAIOCTH
B TO BpeMsi, KaKk M3BECTHO, YTO JIBUTATEIbh PabOTOCIIOCO-
6eH. TakuM 00pa3oM, MOXKHO CJIeJIaTh BBIBOJ, UTO JIaKe Ha
MOAPOOHBIX CETKaxX ¢ KOJIMYECTBOM stueek Oospiie 1 MitH
HCIIONIb30BAaHKE MTPUCTABOYHBIX (DYHKIMH B YCIOBHUSIX TO-
peHus sABisieTcst 6oiee MPEeAIOYTHTEIBLHBIM, YeM IPsIMOe
paspereHne MorpaHuYHOTO CIIOS.

Yuer Bcex GpU3NYECKUX SBICHUH MTO3BOJIMII MOJTYYUTh
OYeHb XOpOoIllee Ka4YeCTBEHHOE COBIIA/ICHHE (DAaKTHYECKUX
I[BETOB IT00EKAJIOCTH U pacueTHBIX (puc. 5). KauecTBeHHO
BEPHO MEPENAIOTCS M PACIIPE/ICNICHUSI CPEAHUX MapaMeTpoB
BJI0JIb KaMepsI cropanust (puc. 4). JlaBnenue B 061acTy ro-
PEHHS OCTACTCsI IPIMEPHO TOCTOSTHHBIM, YTO COOTBETCTBY-
€T TePMOIMTHAMHUYECKOMY LIUKITY TOPEHUSI TIPH TIOCTOSTHHOM
obbeme. [Ipodwts cpenHeit CKOPOCTH MPUMEPHO COOTBET-
CTBYET pe3yJbTaTaM OJHOMEPHOIO pacueTa. Y JIBUraTes
JetCat P550-PRO cxopocTh B 06:1aCTH TOpeHHsSt MOHOTOHHO
PacCcTEeT U CKAYKOM YBCJIMYMBACTCA Y BXOAa B HaIIpaBJIAIO-
Wit anmnapar TypOUHBI, 4TO OOBSICHSETCS [10CACHIBAIOIINM
3 dexTom, koTOpHIK co3macT TypOuna. Y JetCat P100-
RX — Gornee npoctoii u MeHee coBepiieHHbIN quddy30op
kommpeccopa, yeM y JetCat P550-PRO, nostomy ckopocTsb
Ha BXOJIe B KaMepy cropaHus Oojblias, U ITOTOK cHavyaja
TOPMO3HTCS, a HOTOM pasronsiercs. [Ipoduis Temmnepary-
pBl y oboux nBurareneit mogodeH aApyr Apyry. Mmeercs
«TIOJTKaY C TIOCTOSTHHOW TeMIIepaTypoii B 00JIacTH TOPEHHUS.
Ee nnnHa — BenuumHA pa3MepHas U ONpeneIseTcs J1aB-
JICHUEM U TEMIIEPaTypoid, a TaK)Ke BPEMEHEM MPOTEKaHUS
XUMHYCCKHUX peaKuHﬁ. B oTHOCUTENBHBIX BEIUYHMHAX y
Oonee nmuHHOU Kamepsl cropanus JetCat PS50-PRO stor
Y4acCTOK KOpPO4€, XOTA B a0COJIIOTHBIX BEJIMUMHAX OH MOYTHU
Takoi xe, kak y JetCat P100-RX. ITanenue temneparypsl
HIDKE 110 TEUCHHIO CBS3aHO C NIepEeMEIIMBAHNEM ITPOYKTOB
TOPEHUs], B KOTOPBIX IPOAOIDKAIOTCS XUMHUYECKHE peak-
1K, ¢ 00JIee XOJIOIHBIM BO3/IyXOM, MOCTYIAIONINM Yepe3
OTBEPCTHS B CTEHKAX JKapOBOH TPYOBI KAMEPBI CTOPAHMS.

Pesynbrarel aHamM3a BIUSHAS Pa3InYHBIX (PU3UKO-XH-
MHYECKHX TTPOIIECCOB HA KAUECTBO MOJICITMPOBAHHS CBE/IE-
HBI B TaOmuIry. Bpems pacuera mpocreiimeit monenu I s
JetCat P100-RX — menee 0,5 1. Haubonee pecypcoemkas
4acTh MOJIeNIU | — pacueT U3IIydeHusl ¢ yueToM HarpasJie-
uust Discrete Ordinate (Mmogens V). [Ipakruueckn HUKaK
HE CKa3aJIoCh HA CKOPOCTHU pacyeTa: y4eT TeIIOBbIX MOTO-
KOB B CTeHKax (Monens 1), oxiaxnenne ncnapeHuem (Mo-
nens V), 3akpyTka notoka (mozens VII). Bpems pacuera
nomHoit Monenu (mozens VIII) mst JetCat P100-RX ¢ nc-
TOJIB30BAaHHBIMHU YTIPOILEHUSIMU U CETKOH COCTABIISLIIO OKO-
10 8 u. B ciryuae JetCat P550-RX tpebosasocs oxomno 16 4.
Brrunciurensaeiii mponeccop — Intel Xeon Gold 6248R.

Tabnuya. DGGEKT OT MOTKITFOUCHUS PA3THYHBIX MEXaHU3MOB B MOJICITH

Table. The effect of adding different mechanisms in the model

Monens Ddusnyeckuii mporecc Dddexr
1 Bpytro-peaxius Temneparypa maMeHu u kapoBoit Tpyost 2500 K
I Jlo6aBieH conpsiKEeHHBIN TEIIO00MeH Temmneparypa BHELIHETO KOJIbIA KaPOBOW TpyOBl yMEHBIINIACH 10
1500 K, BHyTpennero — mo 1200 K
11 JloGaBieHa paciupeHHas KUHETHKa Temreparypa BHEIIHETO KOJIbIIA )KapOBOM TPyOb! yBeamdmiach 10 1750 K,
BHyTpeHHero ymenbinmwiack 10 1000 K. Cpennss temneparypa Iame-
Hu — 2000 K
v Jlo6aBieHO n3ITydeHHe Temneparypa BHemrHero koibiia — 1200 K, Buyrpennero — 850 K, urto
OJIM3KO K pe3yinbTaTaM SKCIIepIMEeHTa
A% JloGaBneHo oXnakaeHHe UCTIapeHnEM 3aMeTHOE BIUSIHUE HA TEMIIEPATyPy HE BBISBICHO
VI Pa3zuble Mogeny TypOyIeHTHOCTH Monens k- SST 3aBbImIaeT TeMueparypy CTeHKH
VII Jlo6aBieHa 3akpyTKa [10TOKa Temneparypa creHok ymenbimiaack Ha 100-150 K
VI Jlo6aBieHo MacIo B KEPOCHH [TonxoTa cropanust ymensimmaacs Ha 1-4 %
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3akJjoueHne

Pa3paborana maremaruyeckasi 1 YMCJICHHAs MOJEIb
TOPEHHMs TOIUTNBA (KEPOCHHA) B KaMepe CropaHusi MUKpO-
TypOMHHOTO JBHraress. MoJenb Mo3BoJIseT MOIKII0YaTh
U OTKJIIOYaTh Pa3jIM4YHble KOMIOHEHTHI U YUUTHIBATH CO-
OTBETCTBYIOIINE 3 (PEKThI: CONPSIKEHHBIA TEMI000MEH,
pacmmpeHHas KHHETHKA, U3IydeHHE, 3aKpyTKa MMOTOKa,
BIIMSIHNE MCIApeHMs TOIUIMBA Ha TEMIIEpaTypy TOpeHus,
HaJU4Me Maclla B TOplodYeM. BBIMONHEHHbBIE pacueTsl U
CPaBHEHME X PE3YIIbTaTOB C PE3ylIbTaTaMU SKCIIEPUMEHTA
MI0KA3aJI1, YTO UCIIOJIb30BAHUE IPOCTHIX MOZEIIEH TOPEHUS
MIPUBOAUT K HEIPHUEMIIEMOMY 3aBBIIICHUIO TEMIICPATyPhI
CTEHOK KaMepbl cropanus. Camo 1o cebe HCIOoIb30BaHue
pacmupeHHON KMHETUKH TaKXKe He JaeT YAOBIETBOPH-
TEJILHOTO PE3yJbTaTa, XOTs OTIMYKUE OT dKCIEePUMEHTa
CTaHOBUTCS MeHbIIEe. 1 TOIBKO COBMECTHBIN yUeT compsi-
YKEHHOTO TEII000MEHa 1 U3JTy4eHHMS TTO3BOJISICT TTOJIyIUTh
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MPUEMJIEMOE COBIIAICHHE C SKCIIEPUMEHTOM M KaueCTBEHHO
BEPHBIN XapakTep paclpeelieHHs apaMeTpoB M0 JUINHE
KaMepsl cropaHusi. MojennpoBaHue 3aKpyTKH BO3yXa
32 KOMIIPECCOPOM NPHUBOAUT K YIIYUIICHHIO OXJIaXKICHHS
CTEHOK, YBEJIMUCHHUIO ITOJTHOTHI CTOPAHUSL, HO MOSIBIISIOTCS
MIOTEpPH MOJIHOTO JABJICHNMS HA BUXPEOOpa3oBaHKe. 3aTpaTsl
TETIIOTHI Ha HCTTAPEHHE TOPIOYETO B HCIIAPUTEIBHBIX TPYO-
Kax MPAKTHYECKH HE OKA3bIBAIOT HUKAKOTO BIMSIHUS HU Ha
MPOLIECC TOPEHNUS, HU Ha TEMIIEPaTypy CTCHOK.

BrimonaeHHOC HCCICAO0BAHUC TPUMEHUMOCTHU MOJC-
nei typOynentHoctu k- SST u k-& ¢ NPUCTCHOYHBIMU
(YHKUIMSIMH TI0Ka3aJ10, YTO Ja)Ke Ha MOAPOOHOI ceTke ¢
1,5-2 MIH s4eek pa3pellieHue NOrpaHuIHOrO CJI0s B MOJie-
mu k-o SST Henocrarouno. Temneparypa npuCTEHOYHOTO
CJIOS 3aBBIIIACTCSI.

Takum 006pazom, pazpaboTaHa MOJIEIIb, KOTOpast MOKET
MPUMEHATHCS B MHXKEHEPHOH NMPAKTUKE ISl MACHTH(HKA-
IINH BHYTPUKaMEPHBIX IPOLIECCOB.
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