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AKTYyanbHOCTb. PacnpocTpaHeHne AeTOHaLMOHHOM BOJHbI B 11y3blPbKOBOW XMAKOCTY ~ yHUKaIbHOe SBJIEHME, MOTOMY YTO My3bipbKO-
Bas AETOHALMS MHULMMPYETCA 1 PACrPOCTPAHAETCA B CUCTEMAX C 04€Hb MaslbIM SHEProCOAEPXaHNeM, HO NPy 3ToM obnanaet obLymmm
1 BCEX A€TOHALUMOHHBIX BOJTH MPY3HaKamu (CaMOMOBAEPXMBAIOLLMIICS CTALIMOHAPHBIN MPOLECC). Tak Kak My3bipbKOBbIE CPesbl CTPYK-
TYPHO OT/INHAIOTCS OT XUMUYECKIM aKTUBHBIX TOMOTEHHbIX CPER (XUAKMX, ra3000pasHbIX, TBEPAbIX B3PbIBYATLIX BELLECTB) M reTeporeH-
HbIX (ra3-4acTuubl, NeHa uT. A.), 7o AETOHaLWs B My3blpbKOBbIX Cpenax 06aanaeT panoM 0CobEHHOCTeN, CBA3aHHbIX CO CIELMEUKON My-
3bIpbKOBOU CpeAbI. [1y3bIpbKOBbIE XUAKOCTY ABASIOTCA paboyel CPenon B PasnyHbIX OTPACIAX MPOMBILLIEHHOCTY, CBA3aHHBIX C HEQ-
TenepepaboTKOM, METanypryen v 1. Ai. B O4HMX CIy4asx my3blpbKOBbIE XMAKOCTY SBASIOTCA paboyert Cpenovi s BEAEHNS TEXHOMOM -
YeCKMX MPoLeccoB (HanpuMep, XuakoghasHoe OKUCTIEHME Pa3NYHbIX ra308), B APYIX ~ 31EMEHTOM CUCTEMbI 06ECrIeqeH!s B3PbIBO-
6e30macHoCTV (MPEAOXPAHNTENbHbIE XMUAKOCTHbIE 3aTBOPLI), MOITOMY HEOOXOAMMA Pa3paboTka Hay4HbIX MPUHLMMTOB BbIOOPA B3PbIBO-
6e30nacHbIX PEXMMOB TEXHOOMMHYECKMX MPOLIECCOB, MPOTEKAIOLLMX B ra30XMAKOCTHbIX CPEAAX, v IKCITyaTaLmm XvaKOCTHbIX MPenox-
PaHUTesbHbIX 3aTBOPOB.

Llenb: v13ydeHve 0cobeHHOCTeN MHULMVPOBAHWS 11 PACrPOCTPAHEHWS BETOHALMM B My3bIPbKOBOW XUAKOCTU MM HEOAHOPOAHOM pa-

CrPEnEneHIm o ceveHmio TPYObl B3PbIBYATbIX My3bIPbKOB.

OO6BEKT: 1y3bIPbKOBbIE XMAKOCTY, COAEPXALUME B3PbIBYATHIV a3 BHYTPU My3bIPbKOB.

MeToaumka 1ccnenoBaHms OCHOBLIBAETCA HA PELLEHMM CUCTEMbI ANDGEPEHLManbHBIX yPaBHEHWUI B YaCTHBIX MPOU3BOAHBIX.
Pe3ynbTaTbl MCCIE0BaHYISA 0Ka3aum, 4TO HEOAHOPOAHOE PacrpeeneHiie B3PbIBYaThIX My3biPbKOB 10 CEYEHMIO TPYObI MPUBOANT K Cy-
LLIeCTBEHHOMY CHUXEHMIO aMMANTYAbl NePBOHa4arbHOV BOJHbI, COCOOHOM MHMLMMPOBATHL AeToHaumio. Kpome Toro, yCTaHoOBIIeHO, 4TO
npy PacrpoCTpaHeH AETOHALMOHHOM BOJHbI M3-3a MOAXaTVA OCTAIOTCA y4acTKy, rae AEeTOHaUMA He MPOMCXOANT.

KnioueBble cnoBa:
JIByMEPHOCTb, AETOHALMS, BOJTHA, My3blPbKU, XUAKOCTb, [a3.

BeepeHune

IleToHanmusa — caMOMOAIEPIKUBAIOIIUICA (aBTO-
BOJTHOBOH) IIPOIIECC, CYI[ECTBYIOIIWHA B XMMHUUYECKU
aKTUBHBIX cpefiax. Bo3MOKHOCTD CYIECTBOBAHUSA Jie-
TOHAI[MOHHOTO IpoIlecca 00eCIeUNBAETCA HHEPIOBLI-
JeJIeHUeM B cpejie, KOMIIEHCUPYIONIUM 9HeprosaTpa-
THI IETOHAIIMY Ha HeoOpaTuMoe MpeodpasoBaHue cpe-
nel. [leToHATIMOHHAA BOJTHA B ITY3BIPHKOBOM JKUIKO-
CTH — 9TO KOMILIEKC, COCTOAIUHN M3 YIAPHOHN BOJHBI,
pacmpocTpaHAIONUIECs ¢ OPeeIeHHON CKOPOCThIO, 1
30HBI XMMUYECKUX peakIuu 3a Heil. BoaHa mysbIph-
KOBOH JETOHAIIMU CYIIECTBYEeT B XMMWUYECKU aKTWB-
HBIX Cpeax, HalpUMepP, Tad0KUIKOCTHAST CMECh C
B3DPBIBUATHIM 'a30M BHYTPH ITy3BIPHKOB.

WnTepec mcciemoBarenell K M3YUEHWIO BOJH ITy-
BBIPHKOBOM KUJKOCTH HE YMEHBIIAETCH, UTO CBABAHO
C HEKOTODBIMHU IIapPaJOKCAJBHBIMU ABICHUAMU DU
pacupocTpaHeHUW BOJH B Takux cucremax [1-8]. B
HacTodAIIlee BpeMsa HapaAy ¢ UCCIe0BAHIEM OTHOMED-
HBIX BOJTH B ITy3BIPHKOBBIX KUJKOCTAX aKTUBHO M3Y-
YaI0TCA NBYMepHbIe BOIHEL. B [9] usyuena spomonus
HeJIMHEIHBIX BOJIH JaBJIE€HNA B TPyDe IIPK PASHBIX 3a-
KOHAX pacIpeJesieHusA IIY3bIPHKOB II0 CEUeHWI0. B
[10-14] mccaemoBaHa IUHAMWKA TeTOHAI[MOHHBIX
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BOJIH B TpyOe, cojep:kalieil mysslpbKOBbIE KJIACTEPHI
PasIMYHON reOMETPHH.

3 3KCcIeprMeHTOB W MaTeMAaTHUeCKUX MOfeed
110 Iy3bLIPbKOBOM A€TOHALIMY M3BECTHO, UTO [JIA MHH-
[IMUPOBAHUA JETOHAIMM Heo0X0JUMO BO3JeHCTBO-
BaTh Ha MY3BIPHKOBYIO KUIKOCTh UMIIYJIHCOM TaBJIe-
HUS aMILIUTYo# okoJo 2,0 MIIa. dto cipaBeninBo B
clydyae, KOTJA TMY3BIPHKM PACIONOMKEHBI B 00beMe
JKUAKOCTU paBHOMEPHO. Ho, KaK mOKa3hIBAIOT pacue-
THl JJISA aIleTHJICHO-KHCJIOPOJHON CTeXHOMEeTpHUUe-
ckoit emecu C,H,+2,50,, mpuBegennsie B [11], korga
B3PBIBUATHIE TY3BIPHKY PACIIONOKEHBI B 00EMe B BH-
Ile Ty3BIPbKOBOII 3aBeChl KOHEUHBIX PasMepoB, BO3-
JeiCTBYE JaBJIeHUEM aMILTUTyxou 4—5 aTmMocdep Ha
TPAHUIY KUIKOCTH 13-32 (POKYCHPOBKM BOJHBHI B
00J1aCTH Ty3BIPHKOBOI 3aBECHI MPUBOAUT K WHUIA-
MPOBaHUIO JeToHauu. TakuM 00pasoM, pacipesesie-
HUe TIy3bIPbKOB B 00'be€Me JKUIKOCTHU B BUJIE MY3BIPh-
KOBO#1 3aBeCHI IPUBOJUT K 3HAUNTEILHOMY YMEHbIIIe-
HUI0 JUAamna3oHa aMILIATY] IePBOHAYATIBHON BOJIHBI,
CIIOCOOHOTO MHUIMKUPOBATH JETOHATINIO.

B nannoii paboTe mcceI0BaHbI 0COOEHHOCTH HHMU-
[IAAPOBAHUS W PACIPOCTPAHEHUS NETOHAIMY B IIy-
3BIPHKOBOM JKMIKOCTU IPU HEOJHOPOIHOM pacIpee-
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JIEHUH B3DPbIBUATHIX IIY3BIPHKOB II0 CEUEHUIO TPYOHI.
ITorkasano, UTO HEOJHOPOSHOCTE 0OHEMHOTO COIePIKA-
HHUS TY3BIPHKOB MOKET IIPUBECTH K CYIIECTBEHHOMY
CHI/KEHUI0 aMILIUTYABl IIePBOHAYANBHOW BOJHEI,
CII0COOHOM MHUIMKUPOBATH A€TOHAILIO.

MocTaHoBKa 3agaun

Wccnemyem BOJHBL aBJI€HUSA B TPYOe, 3alI0THEHHOH
Ty3BIPFKOBOM JKUAKOCTHIO, TPU HEPABHOMEPHOM pa-
CIIpeieIeHnY 00 BEMHOTO COJIEPKAHUA B3PHIBUATOTO Ta-
3a BIOJIb PafUAJbHON KOOPAWHATHI. PaccMoTpuM IBa
caIydJas: Korga o0beMHOe COJepIKaHIe Ta3a MOHOTOHHO
YBEIMUMBAETCA K IEHTPY TPYOBI 10 JUHEHHOMY 3aK0-
HY, 1, HA000POT, KOT/[a 00bEMHOE COJIEPIKAHIE MTY3bIPh-
KOB YBEIMUMBAETCSA OT IIEHTPA TPYOHI K Iepud)epum.

Bygem mosarath, uTO TEMIepaTypa rasa BHYTPU
Iy3bIPHKOB IIPY JOCTHKEHUY HEKOTOPOTO 3HaUeHuA T,
MTHOBEHHO u3MeHdeTca Ha BenuuuHy AT, coorser-
CTBYIOIIYIO TEILIOTBOPHOH CIIOCOOHOCTH Tasa, BCJE.-
CTBHeE UeT0 JaBJICHNE B rase U JKUAKOCTH TOBBIIIAETCS.

Il omucaHusA BOJHOBOTO IBMKEHIS 3aMUIIIEM CH-
CTEMY, COCTOSIIYIO 13 YPABHEHUI MACC, UMCJIA TY3bIPh-
KOB, IMITYJIbCOB ¥ JaBJIeHU B mMy3bipbKax [10, 15]
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Bce o6o3nauenua takue xe, kax B [10].

IIpu onucanuyu paguaabHOTO JBIIKEHUSA YUUTHIBA-
eTcd aKyCTUUYECKOe M3IyUeHre OT IIy3BIPbKOB, II09TO-
My OyzeM mosaraTh, 410 W=W,+Wg [16]:
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rje Vv, — BABKOCTb KUAK0CTH; C, — CKOPOCTb 3BYKa B
«YUCTON» KUTKOCTH.

Ilna onucaHusA KUAKOCTH ¥ Ta3a IPUMEM CJIeTYI0-
IMe YpaBHEHNUA
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rae B — rasoBas nmocroauHad. MHexc 0 BHU3Y OTHO-

CHUTCA K HAYAJIBHOMY COCTOAHUIO.

TemtoBoit moToK ¢, 3ajaeTca NPUOIMKEHHBIM KO-
HEYHBIM COOTHOIIeHMEeM [15]
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3mech Ty=const — Temmeparypa Kugkoctu; Nu u
Pe — uncna Hyccensra u Ilexne; k, u A, — Koaddunnu-
€HTBI TEMIIEPATyPOIPOBOHOCTH ¥ TEILIOTIPOBOJHOCTH
ragoB; ¢, — TEILI0EMKOCTb I'asa.

B kauecTBe rasoBoii (passl A1 PACUETOB IIPUHIMA-
eTcd aIeTUIEHO-KUCIOPOSHAA CTEXNOMETPUIECKAT
cmech C,H,+2,50,[1], snauenus T. u AT moaydeHs: B
[11] ¢ yueTom [17].

Pe, =12(y ~1)

Pe3yanaTb| pacyeToB

Uccrepyem AvHAMUKY AETOHAIMOHHBIX BOJH B
HEOJHOPOAHOM 10 00EMHOMY COJIePKAHUI0 B3PHIBYA-
TOTO Ta3a My3BIPbKOBOH KumkrocTu. Merogumka uu-
CJIEHHOTO pacuera mpeacrasieHa B [11, 18].

Ilnst Toro, YTOOBI BRIAEIUTH 00J1aCTh, Ie IIPOU30-
IIJIa XMMAYECKasd PeakIusa B ra3oBoi (ase, mpu um-
CJIEHHBIX pacueTax ObLI BBEJeH MHIUKATOP, KOTOPBIH
B JaibHelleM OygeM HasbIBATbH MHANKATOPOM [€TO-
HAIWH.

Ha puc. 1 mpencraBien ciayyaii MHUIUAPOBAHUSA
BOJIH JIETOHAIMY TIPY HEOJHOPOJHOM PACIpeNeNTeHNN
B3PBIBUATHIX IYBLIPHKOB II0 CEYEHWI0 TPYObI, KOTZHA
00BEMHOE COIePIKaHNe TY3bIPHKOB YBEJIUUMBAETCS OT
CTeHKH K ocu TpyOnl auHeitHo or o;=0,001 1o

c (a\évo—ac
05=0,07 1mo 3axomHy agozk R,_1 Jr+a

OcTanbHbIe HAUAIbHbBIE YCIOBU IIPX 9TOM 3aIHCHIBA-
10TcA B caenyiomiem Buje: (1=0), 2>0:

p| = pO’ L, =0, :07 £ :pIOO;
p:ploo(l_ago)' pg = p01 a:aoa W:O-

Ha ocu cummerpuu (r,=0) u crerke TpyOsI (r,=R,)
IPUHUMAIOTCSA YCJIOBUSA PABEHCTBA HYJII0 HOPMAJIBHON
KOMITOHEHTHI cKopocTH U,=0.

Bosmyienve faBieHUS HHUIUUPYETCA CKAUKOM
naBnenus Ha rpanute 2,=0, 0<r,<R,, KoTopoe 3a1aéT-
CSI CJIETYIOIIIAM BBIPAKEHUEM: P=p,TAp,, t>0.

[Tons nasnenus (a), (b), (e) u (f) u mona g1sa uHAK-
KaTopa geronaruu (c), (d), (g) u (h) (puc. 1) coorser-
CTBYIOT MoMeHTaM Bpemenu t=0,7; 0,8; 1,0 u 1,1 mc.
OTMeTuM, 4TO UePHEBIN IIBET B IOJe IJIA HHIUKATOPA
IeTOHAIINY COOTBETCTBYET 30HE, TIe XUMUUecKas pe-
aKIusA B Ta30B0i (pase y:xe mpomsornuia. Kax BugHo n3
kapTtuHoK (a) u (c), kK MmomenTy 0,7 MC IPOMCXOAUT
(OKyCHPOBKA BOJIH JaBJEHUA K LEHTPY TPYOBI 13-32
0oJiee CUJIBHOHI CIKMMAeMOCTH 3TOH 00JaCTH, UTO 00-
VCJIOBJIEHO G0Jiee BLICOKMM OOBEMHBIM COZlep:KaHueM
TY3bIPHKOB B IIEHTPE TPYObI. AMIIUTYIA BOJHBI 0~
cruraer sgauenus ~1,6 MIIa, Ho sToro HezoCTATOUHO
I MHUIMAPOBAHUA JETOHAIIMH, T. €. TEMIIEPATypa
B IIy3BIPbKAX HE JOCTHUIAeT KPUTUYECKOTO BHAUECHUA
T. v IeTOHAIUY K HTOMY MOMEHTY BpeMeHU He IpOouC-
xonut. 13 kaprunok (b) u (d) BUAHO, YTO K MOMEHTY
0,8 Mc wHUIIUpPYeTCA NeTOHAIMOHHASA BOJHA, KOTO-
pas pacmpocTpaHseTcesa BAOJb OCH TPYOBI ¢ aMILIUTY-
noit ~4,5 MIIa. 13 kapTuHOK (€) 1 (g), COOTBETCTBYIO-
mux momeHnTy 1,0 Mc, BHAHO, YTO [ETOHAI[MOHHAS
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Puc. 1. ViHuummpoBaHue BOJH AETOHALMM NPY HEOAHOPOAHOM PaChpeaeneHm My3blipbKoB Mo ce4eHmio Tpybbl, Koraa obbemHoe co-
ZepXaHue My3blpbKOB YBENYMBAETCA K LIEHTPY, AJIS CUCTEMbI CO CRIEAYIOLVMI FEOMETPUHECKMMM 1 TerIopH3NYeckMm na-
pameTpamu: ra3 — cMmecb auetuneHa u kucnopoga (GHy+2,50,): pg=1,26 kr/M’, yo=1,35, A,=2,49-107[x/(Mm-C-rpan),
¢,=1,14-10° I/ (kr-rpag), T.=1000 K, AT=3200 K, 0t5,=0,07, a},=0,001, a;=1,5 MM, X1AKOCTb ~ CMECb [MIMLEPHHa C BOJOY,
pu=1126 kr/m’, v=0,75-10" M /c, CG=1700 m/c; p=10° la, Ap,=0,1 Mlla, T,=300 K, Rc=0,1. LLIkana pasom ¢ nonem saBneHus
COOTBETCTBYET 3HavYeHuio fasneHus B Mlla
Fig. 1. Initiation of detonation waves in non-uniform distribution of bubbles in the cross section of the pipe when the volume content

of bubbles increases towards the center, for a system with the following geometric and thermal parameters: gas — a mixture
of acetylene and oxygen (GH,+2,50,): p%=126 kg/n?’, ;=135 A,=2,49-107[x/(m-s-gr), ¢,=1,14-10° x/(kg-gr),
T.=1000 K, AT=3200K, ag%=0,07, o5=0,001, a=15mm, liquid — a mixture of glycerol and water, p3=1126 kg/n7,
v=0,7510"m’/c, G=1700 m/s; py=10° Pa, Apy=0,1 MPa, T,=300 K, R-=0,1. The scale next to the field of pressure corresponds
to the pressure in MPa

BOJIHA, MHUIMKUPOBAHHASI B OCEBOI 30HE, HAUMHAET
PACIIPOCTPAHATHCSA B 30HY C MEHBIIAM 00BEMHBIM CO-
Jep:KaHneM rasa, mpuueM (DPOHT BOJHBI MMEET ILIO-
ckyio popmy. Kapruuku (f) u (h), coorBercTByIoMIIe
MOMeHTY Bpemenu 1,1 Mc, IIOKa3bIBAIOT, UTO JAETOHA-
IMOHHAS BOJHA CO BpeMeHEM paCIpPOCTPaHIeTCsS
IPAaKTHYECKU II0 BCEMY CeueHMio Kanama. OTMeTnm,
YTO, XOTA KOHIIEHTPAIMS Ia30BOM (Dashl II0 CEUEHUIO
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KaHaJa JWHENHO BO3PACTAeT K IEHTPY, PPOHT AETO-
HAIMOHHOM BOJIHEI TI0 CEUEHUIO KaHAJIA TPAKTUIECKU
ozHopozeH. Kpome Toro, co BpeMeHeM 13-3a HOJKa-
TS 0CEBOH B0HBI HAOJIOJAETCA HEKOTOPOE yBeJnYe-
HUe aMILTATY/IbI TeTOHAITIMOHHON BOJIHEL.

Ha puc. 2 mpencraBiieHbI SIIOPLI AABJIEHUA IO KO-
OpJWHATE MJIA PA3HBIX 3HAUEHWH B MOMEHT BPEMEHU
1,0 mc (mapameTpsl pacyeTa Te JKe, 4To Ha puc. 1.) U3
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puc. 2 BUAHO, YTO aMILIUTY/AA B IIeHTPe TPYOBI K MO-
menTy 1,0 mc npubausurensuo pasua 12,0 MIla (nu-
Hud 1), a BOIU3Y CTeHOK TPYOHI (IMHKS 2) COCTABIAET
okoyio 4,0 MIIa. [lna cpaBHeHUA Ha puc. 3 mpeacTa-
BJIEHBI AIIOPHI TaBJIEHUH [/ TeX JKe TapaMeTpoB pac-
yera, KaK [Jid puc. 1, HO [Jig TOMOTEHHOT'0 pacupeze-
JIEHWS Ta30BOM (hasbl IO CEUEHWI0 KaHajua, IpUIeM
auuusg 1 (BepXHAA KapTHHKA) COOTBETCTBYET 00be-
MHOMY cojiepskanuio my3sippKoB 0,07, a nuunsa 2 (Hu-
JKHAT KapTUHKA) — o0beMHOMY comep:kamuio 0,001.
Bupno (puc. 3), 4To B coryyae TOMOT€HHOTO pacIpe/e-
JIEHUS TY3BIPHKOB II0 CEUEHUIO TPYObI AMILIATY/IbI
BOJIHBI JIaBJEHUSA THUIA «CTYIEeHbKA» BeJIUUMHON
~0,7 MIIa HemoCTaTOUHO AJI TOTO, YUTOOBI BO3OYIUTH
JeToHAIui0. B aToM ciryuae mpoduIb BOJTHBI COOTBET-
CTBYeT IPO(MUJII0 HEJIWHENHOW BOJHBI, PACIPOCTPa-
HAWIIEHCA B My3bIPbKOBOI cpejie ¢ HeAKTUBHBIMHU TTy-
3BIPbKAMU (HAIIPUMeD, 3aI0JTHEHHBIX BO3LYXOM), IIPA
9TOM XapaKTepPHbIe OCIMIIAINY CBI3AHEI C paJuab-
HO MHepUuen My3bIpbKOBOI KuakocTu. Ilpu Hepas-
HOMEPHOM pacIpejieieHiy rasa M0 CeUeHUI0 TPYOHI,
Jaske ecid aMILIUTY/Aa IePBOHAUATIBHON BOJHEI B Ha-
yaJie pacIpoCcTpaHeHUsA He MOKeT BO30YAUTh TeTOHA-
I[1I0, TIPU JAJbHEHINe!l 9BOJIONNMK CUTHAJA BLJIYOb
IPOMCXOJUT ero (JOKYCUPOBKA B 00J1aCTh, I'e 00be-
MHOe cofiep:KaHue 0O0JIbIlIe, ¥ BO3HUKAIOT YCJIOBUS
IUIS MHUITAUPOBAHUS TEeTOHAIIMM,

f\p
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Puc. 2. Sniops! fasneHns B MomeHT Bpemeru 0,1 McC rpu Heo-
[HOPOAHOM pacripenenieHnn y3bipbkoB M0 CeYeHuio
TpyObI, Koraa obbemHoe conepXaHve ny3bipbKos yBe-
NnamBaeTcs K LeHTpy ot a §,=0,001 go o5,=0,07 (mHus
1 COOTBETCTBYET OCU TPYObI, INHUS 2 = CTeHKaM TpyObl).
Bce reometpudeckue v Ternopumdeckue napamerpsbi
Takue Xe, Kak Ha puc. 1

Fig. 2.  Plots of pressure at a time of 0,1 ms at nonuniform di-
stribution of bubbles over the tube section, when the vo-
lume content of bubbles increases from the center to the
periphery from a=0,001to a5=0,07 (Line 1 corres-
ponds to the tube axis, the line 2 = to the tube walls). All
geometric and thermal parameters are the same as in

Fig. 1

Ha puc. 4, 5 npeacrasieHo paciupefeseHne faBie-
HUS B MTy3BIPHKOBOI JKUIKOCTH, KOTA 00EMHOE CO-

IepiKaHue Iy3LIPbKOB YBEIMUYMBAETCA JIMHEHHO OT
IIeHTpa K CTeHKe TPyObI 10 JIMHEIHOMY 3aKOHY, KaK
nisa puc. 1, rae o5=0,001, o=0,07. Ocrambuble Ha-
yaJibHbIe U I'PAHHYHBIE YCIOBHA TaKue Ke, KAK Ha
puc. 1.
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Puc. 3. Sniopei fasneHns 8 MOMeHT BpemeHu 0,1 McC rpu romo-
[EHHOM PacnpeneneHiu ny3blpbKoB o Ce4eHMIo TpyObl
(nuHng 1 cooTBetcTByeT 0=0,07, nuHug 2 -
0,0=0,001). Bce ocTanbHble reoMeTpuyeckme v Tenno-
r3nHeckme napameTpbl Takme Xe, Kak Ha puc. 1

Fig. 3.  Plots of pressure at a time of 0,1 ms for homogeneous

distribution of bubbles across the tube (Line 1 corres-
ponds to the a,=0,07, line 2 = a,,=0,001). All other geo-
metric and thermal parameters are the same as in Fig. 1

Ha puc. 4 mona gaBienud (a), (b), (e) u (f) u uagn-
kartopa geronauuu (c), (d), (g) u (h) coorBeTcTBYIOT
moMmenTaM Bpemenu t=0,8; 0,9; 1,1 u 1,2 mc. IIpodu-
JIV BOJIH JIaBJIEHUA B MOMEHT 1,2 MC I PasIuyHbIX
BHAUEHWH PaAMaJbHON KOOPAUHATHI I' TPEACTABJICHBI
Ha puc. 5. I3 kapTuHOK (a) u (C) BUAHO, YTO IEPBOHA-
yanbHasd BOJHA JABIEHUS IIPY PACIpoCcTpaHeHuu (o-
KyCUpyeTcsa Ha y4acTKaxX OKOJIO CTEHKM TPYObI, Tie
00'beMHOe cofiepIKaHue rada HauboJIblee.

ITpu sTOM aMIIUTYZA PeaTu3yIOIIerocs JaBJIeHu A
~1,0 MIIa HexmocraTouHa AJad MHUIMHPOBAHUS JETO-
HAIWY B CUCTEME U TI09TOMY JIeTOHAI[MOHHBIH IPOIIece
He Bo30y:kgaercsa. M3 kaprunok (b) u (d) BuaHO, 4TO K
momeHTy 1=0,9 MC Ha yuacTKe TPyObI OKOJIO CTEHKH
MHUIMKAPYETCA TeTOHAIMOHHASA BOJIHA, aMIUIATYZAA
Koropoii okoJio 4,8 MIla. VI3 kapTuHoK (e) u (g) ce-
IyeT, 4TO WHUIMUPOBAHHASA METOHAI[MOHHAS BOJIHA
PACIPOCTPAHAETCS HE TOMBKO B MOJOKUTETBHOM Ha-
TpaBJIeHUM OCH 2, HO U K IIEHTPY TPYOBI, aMILIUTYIA
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Puc. 4. [JuHamuka BOSIH Npy HEOZHOPOAHOM PACPEAENeHN My3blPbKOB M0 CEYEHMIO TPYObI, Koraa 06bemMHOe COAepPKaHME My3bipb -
KOB yBe/IN41BaeTCA OT LEHTPa K CTeHkam Tpybbl oT ag=0,001 40 o 5,=0,07. OcTanbHble napameTpsl Takue Xe, Kak Ans puc. 1

Fig. 4.  Dynamics of waves in inhomogeneous distribution of bubbles over the tube section, when the volume content of bubbles inc-
reases from the center to the walls of the tube from a$,=0,001 to a.3,=0,07. All other geometric and thermal parameters are

the same as in Fig. 1

OETOHAIMMOHHBIX BOJIH IIPH 3TOM COCTaBJIAET OKOJIO MEHT BpeMEHHU JeTOHAIIMOHHAA BOJHA PACIIPOCTPAHI-

6,0 MIIa.

€TCA He TOJBKO B IIOJIOKHUTE/IPHOM HAIlIPpaBJI€HUU OCH

Kaprurku (f) u (h) Ha puc. 4, a Tak:Ke oIIOpEI 1a- 2, HO U B obpaTrHOM. OTMETHM, UTO JETOHAIIMOHHAS
BJIEHHUS PHUC. D IOKA3BIBAIOT AMHAMUKY JETOHAIMOH-  BOJIHA, PACIPOCTPAHSIONIAACA K IEHTPY U3 mepude-
HOH BOJIHEI B MOMeHT 1,2 mMc. BugHo, uTO B 9TOT MO-  puUM TPYOBI, M3-32 FEOMETPHH YBEJIUUNBAET CBOIO aM-
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Puc. 5. [lpogunn BONHbI [aBReHVA Mpy HEOAHOPOLHOM pa-
crpeneneHun My3bipbKoB 1o cevyeHuto Tpybbl, Koraa
0b6bEMHOe cofepXaHue My3bipbKOB YBENNYMBAETCA OT
LeHTpa K cTeHKkam Tpybsl oT agp=0,001 10 a,=0,07 8
MOMeHT BpemeHu 1,2 mc. JinHum 1, 2 1 3 COOTBETCTBYIOT
r=0, r=Ry v r=R\,/2 cooTBeTCTBEHHO
Fig. 5.  Profiles of a pressure wave at non-uniform distribution
of bubbles over the tube section, when the volume con-
tent of bubbles increases from the center towards the
walls of the tube from og,=0,001 to o 3=0,07 at time
1,2 ms. Lines 1, 2 and 3 correspond to r=0, r=R,, and
r=Ry,/2 respectively
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INITIATION AND PROPAGATION OF DETONATION WAVES
IN A TUBE WITH BUBBLES INHOMOGENEOUS DISTRIBUTION OVER CROSS-SECTION
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Relevance. Propagation of a detonation wave in a bubble liquid is a unique phenomenon, as the bubble detonation is initiated and pro-
pagated in the systems with very low energy content, but at the same time it has common features for all detonation waves (self-sustai-
ning stationary process). Since bubble media are structurally different from chemically active homogeneous media (liquid, gaseous, so-
lid explosives) and heterogeneous (gas-particles, foam, etc.), detonation in bubbling media has a number of features related to the spe-
cifics bubble medium. Bubble liquids are a working medium in various industries related to oil refining, metallurgy, etc. In some cases,
the bubble liquids are a working medium for technological processes (for example, liquid-phase oxidation of various gases), in others =
an element of the explosion-proof system (safety fluid closures), therefore, it is necessary to develop scientific principles for selecting
explosion-proof modes of technological processes in gas-liquid media and operation of liquid safety gates.

The aim of the research is to study the features of initiation and propagation of detonation in a bubble liquid with inhomogeneous di-
stribution of explosive bubbles along the section of the tube.

The object of research is bubble liquids containing an explosive gas inside the bubbles.

The research method is based on solving a system of partial differential equations.

The results of the research showed that the non-uniform distribution of explosive bubbles along the tube cross section leads to a signi-
ficant decrease in the amplitude of the initial wave, which can initiate detonation. In addition, it was found that when a detonation wa-
ve is propagated because of the preload, the sites remain unconfined.

Key words:
Two-dimensionality, detonation, wave, bubbles, liquid, gas.
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