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BOJIHOV TOPEeHMs IOCTaTOYHO, YTOOBI CTMMYJIMPOBaTh aBTOBOCIUIAMEHEHMe Trasa
niepeq;, BojiHOV ropeHms. Ecim sadukcuposaTs oObeMHyIO Aoimo O (M pammyc
aKTUBVPOBAHHOM 00JIaCTM), TO MOXHO YBUIETb, YTO BpeMs aBTOBOCIUIaMeHeHMs t2
3aBUICUT TOJIBKO OT t1 (OT IlapaMeTpoB Ta3a B MOMEHT BOCIUIAMEHEHUs
aKTUBMPOBAHHOM 00JIacTV), 5Ta 3aBUCMMOCTH IIOKa3aHa Ha pPHUCYHKe 1, uepHas
JMHMS - alIIpOKCUMAIIMs TIOJIMHOMOM 2-71  CTelleHV, 3eJleHble oOacTi -
MIPeAIIOYTUTEIIFHOE BpeMsl Hadajla ¥ OKOH4YaHMs ropermus. Ecmm ymensmmTs O, TO
HadaJIbHOe BOCIUIaMeHeHNe IIPOMCXOOUT Mo3XKe 13-3a Ooslee HM3KOM KOHIIEHTpaLm
aKTVBHBIX YacTUII B aKTUBMPOBAHHOM 00s1acTy, a rpaduxk ta(t1) caBuraercs 1mo ocu t
(13-3a  yBelIMUeHMsI pamamMyca akKTMBMPOBAHHOW oO0JacTV aBTOBOCIUIAMeHeHMe
IIPOVICXOAMUT paHbllle mpu ToM Xe ti1). Ecmt mbl msmermM Q4 Wi ddis IIpu
dpukcpoBaHHOM O, TO t2 OCTAaHETCS Ha TOV K& KPUBOTA.

DTU pe3yJIbTaThl IOKA3bIBAIOT, KaK VCIIOJIb30BATh HEPABHOBECHBIVI Paspsy B
KadecTBe 3(PPeKTVBHOIO MHCTPYMEHTA [T VHWIIMALIAY U YIIPaBJIeHVSI TOPeHVEM B
nsurateire HCCI.

Pucynox 1. 3a6ucumocmo Bpemenu abmobocniamenerus om momenma 60cnAameHeHUs
axmubupobannorl obaacmu paspsoom, bapvupyemvle napamempot: 6, Agis U Qa.
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A longitudinal-transverse discharge in high-speed gas flows is considered in
this paper. The main goal of the work was the experimental study of physical and
chemical processes occurring under conditions of low-temperature plasma-initiated
supersonic combustion of propane-air mixtures, which is necessary for optimizing
the use of a non-stationary pulsating longitudinal-transverse discharge to stabilize
combustion in the combustion chamber of a scramjet engine. The main properties of
the dischsrge magnetoactive plasma were obtained and the effect of a constant
external magnetic field in the discharge region on the parameters of the low-
temperature magnetoactive plasma was studied.

The laboratory setup consists of a vacuum chamber with a volume of 3 m3,
high-pressure receivers of air and propane, an air duct with a profiled Laval nozzle
attached to it to create a high-speed gas flow, a rectangular smooth aerodynamic
channel without stagnant zones, a high-voltage source of constant voltage 4.5 kV for
discharge creating, synchronization systems and a complex of diagnostic equipment.
The experiments were carried out in a cold high-speed air flow under the following
conditions: the flow velocity varied in the range of 200-600 m/s, the gas temperature
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in the flow was 180-250 K, the duration of the flow was up to 3 s, the concentration of
propane injected in the flow was 0-10% , the discharge current could be regulated
from 5 to 16 A using a ballast resistance. The mass air flow rate was from 50 to 160
g/s. The longitudinal magnetic field in the discharge region was created using
Helmbholtz coils of 150 mm in diameter and reached values up to 25 mT. A transverse
magnetic field of 30 - 100 mT was created using two neodymium magnets with
dimensions of 74 mm % 24 mm % 13 mm attached to the channel side walls either
strictly opposite to each other or with a specified displacement to create a
longitudinal component of the magnetic field.

Main characteristics of the discharge and its plasma were obtained in the
series of experiments with external constant magnetic field of various orientations
and without the field: the I - V curves of the discharge and the average discharge
voltage and current, the plasma electron concentration (2 - 6) x 1016 cm-3 and the
plasma electron temperature of ~ 1 eV, temperature (vibrational and rotational) of
heavy gas particles of 6000 - 8000 K, relative concentrations of cyanogen molecules
and molecular nitrogen ions. In a series of experiments devoted to the ignition of
propane-air flows the dependences of the average flame glow intensity in the visible
wavelength range and an induction period of 20 - 65 ms on the propane
concentration in a supersonic propane-air flow were measured in setup
configurations with and without the magnetic field. A comparison of the results
obtained in experiments with magnetic fields of different orientations and without it
is carried out.
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Figure 1. The average flame glow intensity, the speed of the propane-air flow is 420 m /s, the
discharge current is 5.5A. Black curve - configuration without magnets, red - configuration with
magnets.
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Figure 2. Vibrational and rotational temperatures of cyanogen molecules, discharge current is 14.5A.
Solid lines are rotational temperatures, dashed lines are vibrational. Red straight lines - without an
external magnetic field, black - with a longitudinal magnetic field of 25 mT.
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V3y4deHue BIVMSIHVMA MaTrHUTHOIO I10JIsA Ha IIapaMeTphl
IIJIa3Mbl IyTOBOIO pa3psiga M ee IpMMeHeHMe 1151
BOCIIJTAMEHEeHNsI CBepX3BYKOBBIX IIPOIIaH-BO3IYyIHBIX
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Kopneb K.H., Hecmepenxo 10.K., IIIubxo6 B.M., Jloeyno8 A.A.

Mocxobcxuti eocydapcmBennniil yrubepcumem umeru M.B.Jlomonocoba,
¢usuueckuil paxyrvmem, MockBa, Poccus.
E-mail: singuliarnost@yandex.ru.

B  pabore  paccmaTpmBasicss — IIpOOOJIBHO-TIONEPEYHBINI  paspsdan B
BBICOKOCKOPOCTHBIX Ta30BbIX HOTOKax. OCHOBHBIMI LeJIIMM PpabOTHI SBJISUIOCH
SKCIIepUMeHTaJIbHOe M3y4deHMe (PU3MKO-XVMMMUYEeCKMX IIPOlleccoB, IPOTeKaIolIX B
YCJIOBMSIX  VIHMILIMMPOBAHHOIO HM3KOTEMIIEPATypPHOW IUIA3MOV CBEpPX3BYKOBOIO
TOpeHMsI IIPONaH-BO3AYIIIHBIX CMecell, 4YTO HeoOXOoOuMo I ONTMMM3aLu
VICIIOJIb30BaHMs  HeCTAllMOHAPHOTO  IIyJICUPYIOLIEro  IIPOO0JIbHO-IIOIEPEeYHOIO
paspsima mis crabvimsarm ropeans B KaMmepe cropaaws [TIBP/I. beum monydgenst
OCHOBHBIe XapaKTepUCTMKI MarHUTOAaKTUBHOV IUIa3MBbl paspsijia v U3y4eHO BIIVSHe
IIOCTOSIHHOTO BHEIITHETO MAarHWTHOTO TIOJIA B paspsAOHOM o0acTV Ha IIapaMeTpbl
HV3KOTeMIIepaTy pPHOV MarHUTOAKTVBHOV IUTa3MBlI.

JTaBopaTopHasi ycTaHOBKa COCTOUT M3 BaKyyMHOV Kamepbl oObemoMm 3 M3,
pecuBepoB  BBICOKOTO  [IaBJIEHMsI  BO3[lyxa WM IIpOIlaHa, BO3[AyXOBoJda C
MPUCOeAVHEHHBIM K HeMy IpodWIMpoBaHHBIM coIUloM JlaBass j1d co3gaHMs
BBICOKOCKOPOCTHOTO IIOTOKa, IIPSIMOYTOJIBHOTO IJIAZIKOTO  a3pOAVMHAMMUYECKOTO
KaHajla ©0e3 3acTOVMHBIX 30H, BBICOKOBOJIBTHOTO VICTOYHMKA IIOCTOSTHHOTO
HanpsokeHust 4,5 KB it cosmaHmd  rasopaspspgHOV  IUIA3MBL,  CHCTEMBI
CUHXPOHM3allMM ¥ KOMIUIEKCa JAMarHOCTMYeCKOV alllapaTyphl. DKCIepUMeHTBI
IPOBOAWJIVICH B YCJIOBMSIX XOJIOAHOTO BBICOKOCKOPOCTHOT'O BO3/YIITHOIO IIOTOKa IpU
CJIeyIOMIMIX YCJIOBUSIX: CKOPOCTh IIOTOKa M3MeHsulach B AmariasoHe 200-600 m/c,
TeMIlepaTypa rasa B moToke 180-250 K, myimressHOCTE cyIiecTBOBaHWM IIOTOKa 10 3 C,
AVaria3oH KOHIIEHTPAIMII WMHXXEeKTUMpOoBaHHOro mporaHa B 1motoke 0 - 10%,
paspsAOHBI TOK peryIMpoBajicsd IIpW IIOMOINM Oa/UIacTHOTO COINPOTUBIIEHUS B
npenesax ot 5 1o 16 A. Maccossin pacxop Bosayxa ot 50 no 160 r/c. IIpomonsHoe
MarHuTHOe II0JIe B paspsIHON 00JIacTM co3aBayIoch C IIOMOIIBIO HajeBaeMbIX Ha
aspoAVHaMIYecKnV KaHaJl KaTylek ['estbmrosibria guamerpoM 150 Mm m moctmrasio
BesimumH 10 25 MTn. Ilonepeunoe marHutHOe moste BedmumHOM 30 - 100 mTin
CO3/IaBaJIOCh C IIOMOIIBIO JBYX HEOAVMOBBIX MarHUTOB pa3Mepamyu 74Mm X24MMm
x13MM, 3aKpeIvIsieMbIX Ha OOKOBBIX CTeHKax KaHasla JIMOO CTpOro Apyr HaIpOTUB
apyra, aMOO C 3aJaBaeMbIM CMeIlleHVeM IS HpuaaHuWs MarHUTHOMY IIOJIIO
IIPOJO0JIbHOVI KOMIIOHEHTHIL.

bbutn nostyueHs! pasiuHble XxapaKTepUCTUKI paspsia U paspsgHON IIa3Mbl
B CepusX 3KCIIEPVMEHTOB C BHEIIHVMM IIOCTOSHHBIM MAarHUTHBIM II0JIEM Pas/INYHO
opueHTarmn 1 0e3 Hero: BAXu paspsa v cpeqHMe 3HaUeHMs HAIPsDKEHMS M TOKa
paspsina, KoHIeHTpaumys (2 - 6)x10%6 cm3 11 TeMmepaTypa 271eKTpoHOB ~ 13B B 1y1asme
paspsima, Temieparypa (kKosebaTespHasi 1M BpalllaTesIbHasl) TsDKeJIBIX YacTHII rasa
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6000 - 8000 K, oTHOCHTesIbHBIe KOHIIEHTpalM MOJIEKYJI IVaHa ¥ MOJIeKYJIIPHBIX
VIOHOB a30oTa. B cepum sKcmeprMeHTOB C BOCIUIaMeHeHVeM ITpOITaH-BO3YIIHBIX
IIOTOKOB OBUIM M3MepeHBI 3aBUCMOCTY CpeIHel MHTEHCVBHOCTY CBedeHMs (pakesia
IUIaMeH! B BUIVIMOM [Maria3oHe [JIMH BOJIH U Ilepmopa mHaykuum 20 - 65 Mc oT
KOHIIeHTpaluy IIpollaHa B CBEPX3BYKOBOM IIPOIIAH-BO3AYIIIHOM IIOTOKE B
KOHUIypallMsiX YCTaHOBKM C MarHUTHBIM IiojieM U 0e3 Hero. IIposeneHo
CpaBHeHMe IOJIyYeHHBIX pe3yJIbTaTOB B OIbITax C MarHUTHBIM IIOJIeM pa3/IMYHO
opueHTalNM 1 Oe3 Hero.
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Pucynox 3. Cpednaa unmencuBHocmo cBeuenus gpaxesa naamenu, ckopochs nponan-6030yuiHoeo
nomoxa 420m/c, pazpaonuviii mox 5,5A. UepHas kpubas - kongpueypayus be3 maeHumob, kpacHas —
KOHGpUYpayusa ¢ MazHUMamu.
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Pucynox 4. KosebamervHas u Bpawjamensras memnepamypbl MOAKYA YUAHA, pa3pAOHbLTL 110K
14,5A. Cnaouinvie npsamvle — Bpawameniivle memnepamypsl, NyHKMupHvle — K01e0ameavHbie.
Kpachvie npsamvie — be3 BHeuire20 MaZHUMHO20 NOASA, HepHble — ¢ NPO00AbHBIM MACHUMHBIM NOAEM
25 mTa.
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