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AHHOTALUA

W3yuaeTcss CKOpPOCTh paclpoCTpaHeHUs] (POHTA TOPEHUS B KBApIEBON IMIMHIPUUECKOH TpyOKe, 3allOIHEHHOH CMECBIO
IpollaHa M BO3AyXa, NPU OOBEMHOM BOCIUIAMCHEHHMH CTPUMEpHBIM paspsiioM. CTpUMEpHBIH pa3psi 3aXuraercs Ha
BHYTPEHHHX CTEHKaX TPYOKM KBa3HONTHYECKUM MHMKPOBOJIHOBBIM H3JIyYEHHEM IIPH IIOMOIIM MHHIUATOPA, HOMEIIECHHOTO B
TpyOKy. V3MepeHus BBINOIHAIOTCS MIPU PA3IMYHON IJIMHE CTPUMEPHOTO paspsiia. BrlmogHeHHbIE HCCIeIOBaHUS MTOKa3aly,
YTO CTPUMEPHBIA pa3psd, CO3MAIOIIUII MHOXXECTBO TOYEK BOCIJIAMEHEHHUS, O00ecreurBaeT MNpPAaKTHYECKH MTHOBCHHOE
BOCIJITAMEHEHHE CMECH BO BCEM O0BeMe, Kylda IOCTaloT crpuMepbl. OOpasyrommiicss (GpoHT TopeHHs HUMEET CKOpPOCTb,
XapakTepHYIO U1 Tepexoaa aeduarpandd B AETOHAIMIO. M3MepeHHs MOKa3aliW, YTO CKOPOCTh (POHTa pAacTeT C
YBEIMYEHHEM JUIMHBI pa3psia, HO HEIMHEHHO. 3aBHCHUMOCTb CKOPOCTH OT Kod(duimeHTa H30BITKA TOPIOYEro TaKkKe
HEOJHO3Ha4yHasl. Pe3ynbTaTel MOTyT HaTH NpUMEHEHHE IIPpU pa3paboTKe CHCTEM MHOT00YaroBOro 0OBEMHOIO 3a)KHTaHUs B
JBUTaTeISIX BHYTPEHHETrO CrOPaHus], ra30TypOUHHBIX JBUIATEISIX, MAJIOIMUCCHOHHBIX KaMepax CrOpaHHMs, Il OpraHu3aluyu
TOPEHUs B CBEPX3BYKOBOM IIOTOKE, @ TAKXKE B KAMEPAX CropaHMs ACTOHALIMOHHBIX JBUraTesIeH.
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Abstract

We study the propagation rate of the combustion front in a quartz cylindrical tube filled with a mixture of propane and air
with volumetric ignition by a streamer discharge. The streamer discharge is ignited on the inner walls of the tube by
quasioptical microwave radiation with an initiator placed in the tube. The measurements are performed for different lengths
of the streamer discharge. The carried out studies showed that the streamer discharge, that creates a multitude of ignition
points, provides practically instantaneous ignition of the mixture in the entire volume, where the streamers reach. The
resulting combustion front has a speed typical for the deflagration to detonation transition. Measurements have shown that the
front speed rises with discharge length increase, but it is nonlinear. The dependence of the speed on the excess fuel coefficient
is also ambiguous. The results can be applied in the development of multipont volumetric ignition systems in internal
combustion engines, gas turbine engines, low-emission combustion chambers, the combustion organization in a supersonic
flow, and the combustion chambers detonation engines.
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Lenpto HacTosiEel pabOTHI ABISIETCS SKCIIEPUMEHTAIBHOE N3yYeHNE CKOPOCTH pacpocTpaHeHus (ppoHTa
TOpeHHsI BHYTPU KBaplEBOH LIIMHIPUYECKON TPYOKH, 3arl0JTHEHHOH CMEChIO IpoIlaHa C BO3AYXOM, IIPH WHH-
[IUAPOBAHNN BOCIUTAMEHEHHS MOJKPUTHICCKUM CTPUMEPHBIM CBepxBhIcOKodacTOTHEIM (CBY) paspsgom. Tep-
MUH «TIOJKPUTHYECKHIT» 03HAYAET, YTO HAMPSDKEHHOCTH AIIEKTPUYIECKOTO OIS B OOJIACTH pa3psia MEHBIIIE Ha-
MPSDKEHHOCTH TIpo0os Bo3myxa [1, 2]. OCHOBHBIE CBENEHHSI O CTPUMEPHBIX IMOAKPUTHUCCKHUX paspsiax MpHBeE-
IeHbl B paboTax [3, 4]. Bo MHOrHX 3amadax ABHTaTEIECTPOCHHS aKTyaJbHBIM SIBIISIETCS YBEINYECHHUE CKOPOCTH
C)KWTaHMS TOIUIMBA [5], YTO MPUBOAWUT K MOBBIMICHHUIO YAEIHHON MOIIHOCTH JBHUTATENs, CHIDKEHHIO BBIOPOCOB
okcunoB a3ota NO, [6], yIydIIeHH0 5JKOHOMUYHOCTH 33 CUET BO3MOXKHOCTH CKUTATh 0c000 OeTHBIe TOIUTNBHBIC
cMecu ¢ OOoJbLIIMM HM30BITKOM BO3/yXa. YBEIWYEHHE CKOPOCTH TOpeHHsi B NpUCyTcTBUH oObemHoro CBY-
paspsijia Mo3BOJISIET €ro MCIOJIb30BaTh B CUCTEMax 3a)kuraHus [7] u crabuim3aropax ropeHusi B BHICOKOCKOPO-
CTHBIX IOoTOKax [8]. IlepcrieKTHBHBIM MpPEACTABISAETCA UCIOIb30BaHUE CTPUMEPHBIX Pa3psAIOB B KOHCTPYKIIHMU
UMITYJIbCHO-JICTOHAIIMOHHBIX JIBUTATENCH [9], Tak Kak 0OBEMHBIH pa3psii CYIMICCTBEHHO YBEIHMYUBACT CKOPOCTH
pacripocTpaHeHus] (pOHTA TOPEHHs M COKpaIlaeT MyTh repexona neduarpanun B aetoHauuto (Deflagration to
detonation Transition, DDT) [10].

B nacrosmeit pabore nzydaeTcs 3a)KUTaHue CTPUMEPHBIM Pa3psioM M TOCIEAYIoIee TOpEeHIe B TPyOKe
TOTUTUBHON CMECH IIpONaHa ¢ BO3AyXoM. [IJI MHAITMHPOBAHUS pa3psiia MCIIONB3YyeTCs YCTAaHOBKA, CXeMa KOTO-
poii mpuBezeHa Ha puc, 1, a. ['eHeparop coznaer anekrpomaruutHsle (M) konebanusi ¢ yacToToii f ~ 3,4 10° T
Wi JuHOR BoJHEI A = 8,9 cM. [InmurensHocts CBU-uMImynbca Ty, = 40 mkc. [Ipomenimas dyepe3 HOIHCTHPOIIO-
ByI0 JInH3y DM BOJIHa M3Iy4aeTcs Ha OCECHMMETPUYHOE METaJUIMYeCKOe BOTHYTOEe C(epUuecKoe 3epKajio C
pannycoMm KpuBH3HBI R =450 MM, nuamerpoM 685 MM u ray6mHO# 158 MM. OTpa3suBIIUCH OT 3epKajia, BOJHA
(hoxycupyeTcs Ha OCH CHCTEMBI Ha pacCTOSIHAU R/2 =225 MM OT 0ceBO TOUYKH cPepruecKoil MOBEPXHOCTH 3ep-
KaJla MM Ha PacCTOSHUM £ =67 MM OT IUIOCKOCTH €ro packpbiBa. Takum oOpa3om, (pOpMHUpYyeTCs Iy4OK CO
CpPaBHUTENHHO PE3KMMHU TPAaHULIAMH, MO CBOMCTBAM HANIOMUHAIONIUN OOBIYHBIN ONTUYECKUH Jyd, TOITOMY OH
Ha3bIBACTCA KBA3HUOIITUYCCKHM.

B oGnacts (okycupoBaHns KBa3HONTHYECKOTO ITydka IOMEIIaiach KBaplesas TpyOka (puc. 1, 6), oqun
KOHEIl KOTOpOW OBLI 3arTyIieH, a BTOPOH OCTaBaJICS OTKPHITHIM. Ha OTKPHITHIN KOHEIl TPYOKH HaJEBaJCs PE3H-
HOBBIH 1apuk (puc. 1, B). K 3armymike nonsoauiuck n8e Tpyoku. Uepes onHy U3 TpyOOK OTKayMBaiCs BO3IYX, a
yepes APYTyIo MoJaBalics mporaH. V3MeHss mapiuaibHbIe JaBICHHUS, MOKHO OBLIO PETyIHpOBATh COOTHOIIICHHE
TOTUTUBO/OKUCITUTENh. DKCIEPUMEHTHI MPOBOIIINCH CO CTEXHOMETPHUYECKIMH, OSIHBIMU (OTHOIICHHE TOTLIH-
Bo/okuciuTenb 0,87) u 6orateiMu (OTHOIICHHE TOIUTHBO/OKUCIUTEND 1,33) cMecsamu. UTOOB! MPH OTKAYHMBAHUN
BO3/yXa IIapHK HE JIOMAaJCs, Ha cpe3 TpyOKH ofeBanach 3amuTHas anadpparma (puc. 1, r). Ha paccrosanu 27 Mmm
OT 3ariIyIIeHHOTO KOHIIA TPYOKH ITOMEIIAJICS MHULIUATOP pa3psiia, KOTOPBINA MPEACTaBIUT COOOH MMOTyBOTHOBON
BuOparop. [Ipu nojgaye reHepaTopomM UMIyJbca Ha KOHLIAX MHHUIIMATOPA 3Q)KUTAJICSI CTPUMEPHBII pa3psii, KOTO-
PBIil 3aHMMaJT BCIO BHYTPEHHIOI 00pa3yIolly0 BHYTPEHHEH HMIMHIPUYECKOW MOBEPXHOCTH TPYOKH (puc. 2, a),
U 3aTeM Oeall HaBcTpeuy uainydeHuto (puc. 2, 0). Ha puc. 2, 6, Xopoimio BHIHBI rojyOble TOYKH Ha KOHIAX
MHHIHATOPA, OT KOTOPBIX PACHPOCTPAHIETCS CTPUMEPHBIHN pas3psii CHPEHEBOI'O LIBETA.

JniHa paspsiga perynupoBanack cMerieHueM Tpyoku u3 ¢pokyca CBU-myuka. [Tpu momenieHnn WHUIMA-
Topa To4YHO B (okyce (puc. 1, a, TpyOKa He moKa3zaHa) JJIMHA pa3psaa norydanack okoio 180 mm. [To mepe yna-
neHns oT (oKyca UIMHA pa3psda YMEHbIIAnack. B OONBIIMHCTBE IKCIEPHUMEHTOB TpyOKa pacroaraiach OT-
KPBITBIM KOHIIOM K 3epKaixy. Ho mpr HEKOTOpoM yIaleHHH WHUIHATOpa OT (JOKyca IIapHK, HAJETHI Ha OTKPHI-
THIA KOHEIl TPYOKH, YK€ He MTOMEMIAJICS MEXKITy 3epKaioM B TPyOKOH, ITO3TOMY TpyOKa pa3BOpadyMBaliaCh 3aKpbI-
TBIM KOHIIOM K 3epKairy. IIoCKOJIBKY 3TO MMEJIO MECTO TOJBKO IPH 3HAYUTEIHHOM yJalleHHH WHUIIHATOpa OT
(oxyca, To AmMHA pa3psaa Obuta HEOONBIIOH, U TO, B KaKyl0 CTOPOHY Oe€ai paspsz, He OKa3hIBaJI0O 0COOOTr0
BJIMSIHHUSL Ha CKOPOCTb pacrpoctpaHenus: ppoHta ropenus. [Ipu nomenienny nHULMAaTopa BOIM3H (OKyca CKO-
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O CKOPOCTW PACIMPOCTPAHEHNA ®POHTA MNJIAMEHN

poctu ppoHTA ropeHHs MpH Pa3UYHON OpHEeHTAIMK TPYOKH OTIIMYANMCh Oojiee YeM B [Ba pasa. M3mepeHue
JUIMHBI pa3psijia 1 CKOPOCTH PacHpOCTpaHeHHst PPOHTA rOPEHHs MPOM3BOAMIOCH ITyTEM MOKaIPOBOi 00paboTKU
BHJICO, CHATOIO CO CKOpocThio 1200 kaapos/c.

WNuurmarop CBY

azpsga

Temsparop PESpEAE Dokycupyromee
3epKaso

OneMeHTH! pOpMHUPYIOIIHE
CBU-uznyuenue

B r

Puc. 1. Cxema npoBegeHus aKkcnepMMeHTa. OKCnepumeHTarnbHas ycTaHoBKa (a), N0 OCM CUMMETPUU KOTOPOM
B 0bnactu dhokycmnpoBaHusa CBY-nsnyyeHns nomellanach kBapLeasi Tpyoka (6). Ha oTKpbITbI KOHew, TpyOku
ofeBarncs pe3vHOBbIN LapvK (B), OTAENABLUMIA TONNMBHYIO CMECh OT OKpYXXaloLen cpeabl, a Takke 3alimMTHas
membpaHa 13 nonuctupona (r), npegoTBpallaBLlas NoBpeXAeHUe Lapuka Npy 0TKa4YMBaHUM BO3ayxa U3 TpyoKu.
OnvHa BonHbl CBY-usnyyenus A = 8,9 cm, AnutensHoctb CBY-umnynsca Tywn = 40 MKC, AnameTp 3epkana
685 MM, gnuHa Tpyokn 500 MM, BHYTPeHHMI anameTp Tpyoku 30 Mm

a

Puc. 2. CTpumepHbIN paspsf, 3a)0okeHHbIN Ha BHYTPEHHe NOBEPXHOCTU KBapLueBon Tpybku: Bug ¢ Topua (a);
BuA cboky (6). AmameTp Tpy6km 30 MM. Touku ronyboro LBeTa — pa3psg Ha KoHUax uHuumnaTtopa. AnvHa Tpyokm
500 MM, BHYTpeHHMI anameTp Tpyoku 30 Mm

Ha puc.3 mnpeacraBieHbl pe3yapTaThl 3KCIEpUMEHTa. To4ykaMH IIOKa3aHbl JaHHBIE SKCIEPHMEHTA,
CIUIOIIHBIMU JIMHUSIMM — JIMHUM TpeHJa. [lyTeM MOBTOpeHHs 3KCIIEPUMEHTOB MPHU OJHUX U TeX e MCXOIHBIX
JIAaHHBIX ObLJa BBISABIICHA HEBBICOKAasl MMOBTOPSIEMOCTh (POPMBI M JUIMHBI Pa3psiia, KOTOPHIE CHJIBHO 3aBHCST OT
MHOXeCTBa cily4aiHbIX (akropoB. Heonpenenennocts Haxoautest Ha ypoBHe 20%. Pazbpoc naHHBIX Ha puc. 3
MIpeCTaBIIeH AUANa30HaMH ITOTPEITHOCTEH 110 0CsM adcLce U OpAMHAT.

[Tpu pazButom paspsiae (mHb 60see 0,15 M) ckopocTh pacnpocTpaHeHus (GpoHTa IUTaMEHH HanOOJb-
mas y 6oratoil cMecu 1 yObIBaeT IO Mepe yMEHbIIEHHUsS 10K roprodero. [lo Mepe ynaneHus HHUIMATOpPA OT
(okyca obmacTh, 3aHsTas pa3psoM, yMeHbmaercs. [Ipu 3ToM HabmomaeTcss WHast TEHACHIMSA — CKOPOCTh pac-
MpocTpaHeHnus: (PPOHTa BHINIE B CTEXHOMETpHUeCKOW cMecH. CKOPOCTh paclpoCTpaHeHHs] (poHTa B OemHOM
CMECH BCEr/la MEHbIIIE, YEM B CTEXHOMETPHUYECKOM 1 60oraToil (Ha puc. 3 moka3aHsl JaHHBIE TOJIBKO OJHOTO JKC-
MIEPUMEHTA).

B xo/1e onucaHHBIX BbIIIE AKCIIEPUMEHTOB, [10-BUJMMOMY, BIIEPBbIE B MUPE yIAJIOCh MOJIyUYUTh YCTOWUH-
BOE€ 32KMTaHWE NOAKPUTUYECKOrO CTPUMEPHOTO pa3psijia Ha BHYTPEHHEH TOBEPXHOCTH LWJIMHIPUYECKOU TpyO-
KH U3 AUIEKTPHKA, a TAK)Ke MHULIMUPOBATH C €r0 MOMOIIBI0 BOCIJIAaMEHEHHE TOIUIMBHON cMecH. [IpoaemMoHCT-
pUpOBaHa BO3MOXHOCTb MOJYYEHUsI CKOPOCTEH FOPEHUsI Ha YPOBHE COTEH METPOB B CEKYHAY, UTO XapaKTEPHO
Juist nepexoaHslx pesxkumoB DDT. MccenenoBana 3aBUCHMOCTh CKOPOCTH TOPEHMS OT JJIMHBI 00JIACTH, 3aHATON
pa3psnoM, a TaKXKe COOTHOIIECHUS TOIINBA U OKUCIUTENS.
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JlnuHa cTpuMepHOro paspsaa, M

Puc. 3. 3aBNCMMOCTb CKOPOCTU pacnpocTpaHeH sl (ppoHTa NiaMeHn B KBapLEBoW Tpyoke, 3anofHEHHON CMeChHo
nponaHa ¢ BO34yXOM, OT AJIMHbI CTPUMEPHOTO pa3psifa, 3aXKeHHOro Ha ee BHYTPEHHe NOBEPXHOCTY.
® — CTEXMOMETPUYECKOE COOTHOLLEHME NPOonaH/Bo3ayX, © — Goratasi cCMecb, KO3 MULMEHT U3BLITKA ropoyero

1,33, e — 6GegHasn cmecb, k03 PULMEHT N30bITka roptodero 0,87. - — NOrpeLIHOCTH

[Tonmy4eHHbIe JaHHBIC TPOAEMOHCTPHPOBAIIN MEPCIEKTUBHOCTD HCIIOJIB30BAHMUS CTPUMEPHOTO 3ayKUTaHUS
Ut yekoperus mporecca DDT, a Takke s MPUMEHEHUS B YCTPOMCTBaX, Tie TpeOyeTcs CyIMeCTBEHHOS YBEIH-
YeHHE CKOPOCTH TOPEHUS, HAIIPUMED, B CTAOMIN3aTOPAaX TOPEHHS B CKOPOCTHBIX M CBEPX3BYKOBBIX MOTOKAX.
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