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AKTYanbHoCTb. [Ty3bipbKOBbIE XUAKOCTY ABASIOTCA PACTPOCTPAHEHHOM paboyel cpenov B psaae oTpacies HapoaHoro xosavcrea. Og-
HUM 13 MHTEPECHENLLINX MPOLIECCOB, MPOUCXOAALLMX B My3bIPbKOBOM XUAKOCTY C B3PbIBYATLIM ra30M BHYTPU y3bIPbKOB, ABAFETCH My-
3bIPbKOBAS [IETOHALIMA — PACMPOCTPAHEHINE JIETOHALIMOHHBIX BOJIH. JJETOHALIMOHHBIE BOJTHbBI TAKXe MOrYT PaCrpOCTPAHATLCA B XUAKOCTU
C My3bIPbKaMU, 4aCTUHHO COCTOSLLIMMM M3 MHEPTHOIO ra3a. B 5TOM Ciydae Hasmaue My3bipbKOB C MHEPTHBIM ra30M ABJISETCA HEKOTOPbIM
YIPABASIOLLMM TaPaMETPOM [T XapaKTePUCTUK (aMMANTY/bI, MPOTSXEHHOCTH, MPEeIenoB PacnpOCTPAHEHNS) AETOHALMOHHOM BOSHbI.
Kpome Toro, CyiiecTsyioT 3KCNEPMMEHTaIbHbIE aHHbIE O BASHM NEPBOHAYATbHOIO AABEHIS Ha XapaKTepUCTUKIA BOJIH My3blpbKOBOU
ZIETOHALMN B MHOTOKOMITOHEHTHOW My3bIPbKOBOW XMAKOCTH. IT0 0BYCIOBAMBAET HEOOXOAMMOCTb UCCIIE0BAHNS AETOHALIMOHHBIX BOJH
B MHOIOKOMIIOHEHTHbIX 1y3blPbKOBbIX CUCTEMAX PV PA3SINYHBIX 3HAYEHMIX HAYaSTbHOrO [aBIeHNS.

Lenb nccneaoBaHns: 13y nTb JUHAMVIKY ETOHALMOHHBIX BOJIH B Ty3bIPbKOBOW XMUAKOCTY, 4aCTUYHO COCTOSILLYIO M3 My3bIPbKOB C He-
AKTUBHBIM (He roploYyM) ra3oM Mpu PasndHbIX 3HAYeHUIX Ha4abHOIo AaBEHNS.

OBbEKT: JETOHALMOHHbIE BOJHbI B M1y3bIPbKOBOV XMUAKOCTH, COAEPXKALLEN My3bPbKY C B3PbIBYATLIM (aKTUBHbIM) 11 HEropioYM (Heak-
TUBHbIM) ra3oM.

MeToauka 1ccrenosaHms 6asmpyeTcs Ha yHAAMEHTATIbHBIX yPABHEHMSX MEXaHMUKM MHOMO(asHbIX CPEL, KOTOPbIE PELLAIOTCH YACTeH-
HbIM METOLOM.

Pe3ynbTaThl MCCIE0BAHISA 110 BbISBIEHMIO OCOOEHHOCTEN PACTPOCTPAHEHMS IETOHALMOHHBIX BOSTH B MHOFOKOMMOHEHTHOM M1y3blPbKO-
BOVI XWAKOCTY MPU PAa3INYHBIX Ha4asibHbIX JABEHMSX MO3BOMNAM CLIeNaTh BbIBOAbI M AaTb pekomeHaaumm. C yMeHbLICHUEM HaYarlb-
HOrO 1aBJ1eHWSi MHOrOKOMITOHEHTHbIX M1y3blPbKOBbIX CPEL CKOPOCTb PACMPOCTPAHEHNS IETOHALMOHHBIX BOJIH CHUXAETCH. 3aBUCHMMOCTL

cKkopoctn ,ﬂeTOHaL{MOHHOV? BOJIHbI B MHOTOKOMITOHEHTHOM ﬂyj’blpbKOBOVl XWOKOCTW OT Ha4aslbHOro AasJieHns 6/113Ka K IMHEVIHOM.

Knio4eBble cnoBa:

Heqbrera3osoe Mpon3BoACTBO, Bpr/BO6€3OI'IaCHOCTb, AETOHAaLMOHHbIe BOJIHbI, IMy3blpbKOBasA XVAKOCTb, Ha4a/lbHoe AaBJieHue.

BBepeHune

JleToHAI[MOHHBIE MPOIECCH CYIIECTBYIOT B pas-
JIUYHBIX cpefax. HecMoTps Ha pasauune GUSHKO-XU-
MHUYECKMX CBOUCTB CHCTEM, IPOIleCC TeTOHATIIY 00J1a-
JaeT O0ITMM MPU3HAKOM: JIETOHAIUSA — CaAMOIOAAED-
JKUBatoIuiicsa mpoiecc [1-3]. 9To cBsI3aHO ¢ TeM, UTO
JeTOHAI[MOHHBIN IIPOIIECC IIPOTEKAET B CPEJaX, KOTa
B HUX MOXKeT BOBHUKATH B3PHIBHOE BLITEIEHUE SHep-
rud. Bo3aMOKHOCTD CYIIIECTBOBAHUSA BOJIH JETOHAIIAN
obecreunBaeTcsa SHEPTOBLIIEJIEHUEM B Cpejie.

PacmpocTpanenue meTOHANMOHHBIX BOJH B IIy-
BBIPDHKOBBIX KUAKOCTAX — YHUKAJIbHOE ABJIEHUE,
T. K. B 9TOM CJIyuae JeTOHAINA NHUIUUPYETCA U Pac-
IIPOCTPaHAETCA B CPeJie C OUeHb HUBKOHN KaJIOpPUIHO-
cTbio. IIpu TOM pacmpocTpaHeHue TeTOHAIIMOHHBIX
BOJIH B JKUJKOCTSX C Ty3bIPhKAMHU, 0014715 CXOKIMHI
I BCEX B3DBHIBHBIX IPOIECCOB MPU3HAKAMU, NMEET
PAI 0COOEHHOCTEH, MPOABIAIIIMXCA B CBOMCTBAX U
cTpyKType BoaH [4—-11].

Ilonyuenne BBHICOKHX TeMIIEpPATyp B rase, mome-
IIIEHHOM B JKMIKOCTH B BU[E OJHOTO NMy3LIPbKA U
IIy3bIPHKOBOI'0 KJIAcTepa, IpefcTaBadeT KaK TeOpeTH-

doi.org/10.18799/24131830/2018/12/21

yeCKHUH, TaK U mpakTuueckuin uurepec [12-14]. Hc-
CJIeOBAHUI0 AUHAMUKN IETOHAIMOHHOH BOJHBI B
MHOTOKOMIIOHEHTHOI MY3BIPbKOBON KUIKOCTH II0-
cBAmeHa pabora [15], re nusyueHs! 0COOEHHOCTH CIKa-
THUS MTy3BIPHKOB C MHEPTHBIM I'a30M JIeTOHAITMOHHBIMHT
BosHamu. [TokasaHo, 4TO JeTOHAIMOHHbIE BOJIHBI AB-
JIFIOTCS CPEJICTBOM C/KATHA MHEPTHBIX IIy3BIPHKOB BO
Bceit o0J1acTu pacueTa, B TO BpeMs KaK IPAaHUYHOE 1a-
BJIEHZE MOXKET CKATh Y3bIPHKY TOJIBKO OKOJIO Y4acT-
KOB BOJIM3Y IPAHUILI, Yepes3 KOTOPYI0 BHOCUTCS BO3-
MyIIeHME.

Kpowme aroro, mpucyTcTBEe B JKUAKOCTH HAPSAY C
Iy3bIPbKAMHU XMMUUYECKU AKTUBHOTO rasa My3slPbKOB
XVMHUYEeCKN HEaKTHBHOTO ra3a yMeHbIIIaeT SHeproco-
IepKaHue cpefbl. JKCIEPUMEHTATIbHOMY M3YUEHUIO
IeTOHAIIMOHHBIX BOJNH B HY3bIPHKOBHIX Cpelax, ua-
CTUYHO COCTOSAIMX W3 MHEPTHOTO T'asa, IOCBAIIEHA
pabora [16]. B aT0ii pabore mccaeq0BaHbl CTPYKTYPA,
CBOMCTBA U KPUTHUYECKHE YCIO0BUSA BO3OYIKASHIS BOJH
Iy36IPHKOBOH I€TOHAIIMY B TAaKKUX cpenax. Kpome To-
r0, YCTAHOBJEHBI OCHOBHBIE 3aKOHOMEPHOCTH Jeii-
CTBHUS BOJIHBI Y3bIPHKOBOM JETOHAIINY HA MY3BIPHKU
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C aKTUBHBIM ¥ MHEPTHBIM Ia30M. OKCIIePUMEeHTaIbHO-
MY HCCJIEIOBAHUIO BIUAHUA M3MEHEHWUSI HauaJbHOTO
JaBJIEHUS TY3bIPHKOBBIX JKUIKOCTEN Ha CBOMCTBA Jie-
TOHAI[MOHHON BOJHBI B MY3bIPHKOBOU KUIKOCTH IIO-
cBarIeHsl pabotet [17, 18]. B padore [19] Teoperuue-
CKM M3yUYeHO BIUAHNE IePBOHAYATIHHOTO JABJICHU B
Ty3BIPbKOBOM cHCTeMe Ha XapaKTePUCTUKHU (CKO-
POCTb, AMILIUTYIY U T. [.) JETOHAIIMOHHBIX BOJIH.

B manHoit pabore uccaenyercsa BIUSHUE IIePBOHA-
YaJIbHOTO JABJIEHUA B MHOTOKOMIIOHEHTHOMN TY3bIPh-
KOBOH CHCTEMe, COCTOSAIIEH 13 My3bIPhKOB aKTUBHOTO
(roprouero) 1 HeaKTWBHOTO (HETOpIOUero) rasa, Ha xa-
PaKTePUCTUKY JeTOHAIMOHHBIX BOJIH.

MocTaHoBKa 3af,a4M M OCHOBHbIE YPaBHEHUS

HUcenenyem pacmpocTpaHeHre BOJTHBL B TY3BIPHKO-
BOW KMIKOCTH. I0JIOKMM, UTO ITy3BIPHKOBAA KU
KOCTb COCTOUT U3 JBYX COPTOB IIy3bIPHKOB: AKTUBHBIX
(3amoTHEHHBIX TOPIOYMM Ta30M, HAPUMep alleTHIie-
HO-KHUCJIOPOJHON CMEChI0) M MACCHBHBIX (3aI0JTHEH-
HBIX HETOPIOUUM Ta30M, HApuMep BO3Ayxom). B my-
BBIPBKAX, COIEPIKAIIUX B3PHIBUATHIN T'as, TPU JOCTH-
JKEHUU TEeMIIepaTyphl BocIiaMeHeHus rasa T’ mpouc-
XOJUT DPearIusd, CONPOBOMKIAMIIAACA BbIIEJIEHUEM
TeILIa U YBeJMUeHrneM TeMIeparypsl Ha Benuuuny AT,
KOTOpasi COOTBETCTBYET KAJIOPUUHOCTY Ia30BOM CMe-
cu. C yueToM JOMyIIeHn i, TPUHATHIX BBIIIE, CHCTEMA
VPaBHEHUH, COCTOAIIAA W3 YPABHEHUH COXPAHEHUS
Macc, Ynciia My3bIphbKOB, UMITYILCOB U JABJIEHUS Tasa
B o0ouX THUIax my3sIpbKax [14, 15, 20], umeer Bu:
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PesynbTaTbl pacyeToB

B paborax [18-20] oTmeueHo, YTO XapaKTepPUCTH-
KU JIeTOHAIIMOHHOTO IPOoIiecca OMpeaesIaioTCa TOIbKO
mapaMeTpaMu Cpebl — XapaKTePHCTHKAMU I'a30BOil
(hasbl — [JUCIEPCHOCTHIO MY3bIPHKOB U MX 00BEMHBIM
coJepiKaHueM, COPTOM T'a3a BHYTPH My3BIPHKOB, Ha-
YaJbHBIM [JIaBJIEHUEM; XapaKTepUCTUKAMU IKUTKO-
CTH: BA3KOCTBIO, CKOPOCTHIO 3BYKa U T. 1. IIpu sTom
CTPYKTYpPa BOJIH IIY3LIPLKOBOM JETOHAIIAN IIPH U3Me-
HEHUM HAuaJbHOTO JTABJIEHUM OCTAETCS KAaYeCTBEHHO
uneaTruHOH [18].

Ha puc. 1 mpejcraBiieHbl 3MIOPHI TaBJEHUSI TIPH
PacIpoCTpaHEHUHU JeTOHAIIMOHHOW BOJHBI B ITY3BIPh-
KOBOH! JKMIKOCTH, COCTOSAINEN M3 aKTUBHBLIX (COmEp-
JKaIIUX TOPIOUMIT ras) ¥ HMACCUBHEIX (3aIOJHEHHBIX
HEropIYKMM ra30M) Iy3EIPHKOB.

1E4007 = 1, Tla
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Puc. 1. Sniopbl AaBeHVs Npy pacripoCTPaHEH BOTHbI [eTo-
HaLuu B My3blpbKOBOM XUAKOCTY C ClIeAYIOLMMY Napa-
metpamu: pl=1130 kr/m’, G=1700 m/c, vi=6,0 MKM’/C,
0g0=0,01, 0g0,=0,001, agor = 1,0 MM, a40,=1,0 MM,
05i=1,26 kr/M, pY=1,2 Kr/M’, Ay=2,49-107B1/(Mm-K),
A=1,63-107Br/(M-K), =135, 1,=1,4, ¢;=1,14 kK /(kr-K),
c»=1,0 k[Px/(kr-K), T.=1000 K, AT=3200, H1xHWe nH-
Aekcel 1y 2 CoOTBETCTBYIOT NnapameTpam B3pbIBYaToro
(auerunero-kucnopogHas cmecb CHy+2,50,) 1 uHepT-
Horo rasza (Bo3fyx), XvAKOCTb ~ BOAOMNLEPUHOBbIN
pacTeop ¢ 0bvemHou gonevi rmvuepmHa 0,5
Fig 1.  Diagrams of pressure in propagation of a detonation

wave in a bubble liquid with the following parameters:
p°0=1130 kg/m?, G=1700 m/s, vi=6,05 unv'/s, ot,=0,017,
0g0:=0,001, 3,:=1,0 mm, ag;=1,0 mm, p%=1,26 kg/n7’,
Pla=12kg/nT, A,=2,4210°W/(m-K), 2=2,63-10 W/(mK),
7=135, 7,=14, c;=1,14kl/(kg-K), c,,=1,0 k}/(kg-K),
T.=1000 K, AT=3200 K, subscripts 1and 2 correspond
to the parameters of the explosive (acetylene-oxygen
mixture GH,+2,50,) and inert gas (air), liquid-glycerol
solution with water solution with a volume of glycerol
0,5 parts

U3 puc. 1 BugHo, uro K MomenTy 380 MKc B my-
3BIPHKOBOH JKUAKOCTH, YACTHUHO COCTOAINEH u3
HMHEPTHBIX IIY3LIPLKOB, (DOPMUPYETCS JeTOHALMOHHAS
BOJIHA aMIIuTynoir oxosno 9,0 MIla. 9o sHaueHue
mpubausuTenasuo Ha 1,0 MIla menbie, ueM A caIy-
yas PacIpoCTPAHEHUA BOJIH B OAHOKOMIOHEHTHOM IIy-
3BIPHKOBOY CHCTEME, COCTOAIIEH TOJBKO U3 IIY3BIPh-
KOB C aKTWBHBIM I'a30M C O0BEMHBIM COAEPIKAHIEM
0,,=0,01. K momenTy 760 MKC IeTOHAIMOHHBII cOJIH-
TOH PACIPOCTPAHAETCS, He MEHSA aMIUIATYABI 1 IIPO-
TssKkenHocTd. Kax BuaHo u3 puc. 1, CKOPOCTb Pacipo-
CTPAHEHUS JEeTOHAIMOHHOM BOJHBI COCTABJIAET OKOJIO
789 m/c. Kpome Toro, 3a IeTOHAIIMOHHEIM COJTUTOHOM
BUIHBI OTEIbHBIE IIYJIbCAIINY TaBJIEHN, CBI3AHHEIE C
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pasuanbHON MHEPIMeH My3bIPbKOBOM MKUJKOCTH, 13-
34 HAJTMYKS MTy3bIPHKOB C HEAKTUBHBIM Ta30M.

B6E+006 = 5, TTa
] 420mxc 107 1naxce
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XM
Lo S N LA L
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Puc. 2. Sniopbl fasneHus, ag,=0,01, ocCTanbHble napameTpbl
KaK Ha puc. 1
Fig. 2.  Diagrams of pressure, a,,=0,01, other parameters are

the same as in Fig. 1

Ha puc. 2 mpejicTaBiieHo TO e, UTO ¥ Ha puc. 1, HO
B 9TOM CIIyuae 00peMHOe COlepKaHye My3sIPHKOB He-
akTuBHOrO rasa B 10 pas Ooublie, ueM Ay ciIydas,
IIpeficTaBIeHHOTO Ha puc. 1. Y3 puc. 2 BupHO, 9TO aM-
IJTUTYa JeTOHAI[MOHHOTO COMUTOHA B MOMeHThI 420 u
1071 mxc cocrasaser okosno 5,0 MIla, yro mouTu B
JIBa pasa MeHbIIle aMILIATYAbI AeTOHALMOHHOM BOIHEI
I caydasi, KOrja o0'beMHOe COJlepKaHue HeaKTHB-
HOTO Trasa B IIY3LIDHbKOBOW Cpelie COCTABJIAET
0,,=0,001. CropocTh AeTOHAITMOHHONA BOJHBI IIPH
3TOM cocTaBJsgeT oKoJo 600 m/c.
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Puc. 3. OCL{MﬂﬂOI'paMI\/IbI Temreparypbl ra3a B nacCMBHbLIX 1 aK-
TUBHbIX [y3blpbKax — Cr/IOWHbIE W LUTPUXOBbIE JIMHNN
COOTBETCTBEHHO. Bce rapameTtpbl Takhe Xe, Kak Ha puc. 2

Fig. 3.  Oscillograms of gas temperature in passive and active

bubbles = solid and dashed lines, respectively. All para-
meters are the same as in Fig. 2

PacueTHBIe ocHMJIIOTPAMMBI AId gatTumka D1,
pacmoyoKeHHoro Ha paccTogHuu 0,2 M OT I'DAHUIBI
x=0, mpexcraBieHb HA puC. 3. 3[eCh MITPUXOBAS JIN-
HUS COOTBETCTBYET TEMIIEpAType Tasa B aKTWBHBIX
(B3pBIBUATHIX) TY3BIPbKAX, CILJIOIIHAA — TEMIIEPATYPE
rasa B uHepTHBIX. 13 puc. 3 BUAHO, YTO TEMIEpaTypa
rasa BO B3PHIBUATHIX NMy3bIPhKAX JOCTUTAET 3HAUEHUS
4200 K, B pmanpHENIEM IPOUCXOAUT YMEHBITIEHUE
sroro 3Hauenud 1o 2500 K. Temneparypa Boszyxa B
MHEDPTHBIX Ty3BIPbKaX B MOMEHT MaKCHMAaJbHOTO
CoKaTHs yBeInunBaercs no sHauenusa 6oxee 2500 K u
IIOTOM CHUJKAETCS IO PABHOBECHOT'O 3BHAUEHNU .

e am e

0 L I L 1
| | | | t,c
0,0004 0,00044 0,00048 000052  0,00056
Puc. 4. PacqeTHbie oCUMIOrPaMmbl OTHOCUTENIbHbIX PaauycoB
aKTMBHOTO (LUTPUXOBBIE JMHIM) Y MHEPTHOO (CrOLL-
Hble 7H) My3biPbKOB

Fig. 4. Calculated oscillograms of the relative radii of the active

(dashed lines) and inert (solid lines) bubbles

Ha puc. 4 mpencraBieHBl pacueTHBIE OCIUJLIO-
IpPaMMBI OTHOCUTEJIBHBIX PAIUYCOB aKTHBHOTO ¥ MAC-
CUBHOTO My3BIPbKOB. 13 puc. 4 BUAHO, YTO IIPU yMe-
HBIIEHUN DPAJUyCa AKTWUBHOTO ITy3bIPbKA IIOYTH B
3 pasa IIPOMCXOAUT B3PHIB Ta3a BHYTPHU IY3bIPbKA, U
OH HauMHAeT PacIIupaAThea. VI3 OCIMII0OrpaMMBbI [
MHEPTHOTO MY3bIPbKA CIELYET, UTO €TI0 PATUYC YMEHB-
maetcs moutu B 10 pas.

Ha puc. 5 mpuBeeHbI 3aBICUMOCTHY CKOPOCTH pac-
IPOCTPAaHEHUA BOJIHBI AeToHAUWX D OT KOHIEHTPA-
AN XUMAYECKY HeaKTHBHOTO ra30BOT0 KOMIIOHEHTa
Oy, TIYBBIPBKOBOIL SKUJKOCTH, IIPH 3TOM CyMMapHOe
00beMHOE COJiep:KaHue Tas3OBBIX COAEPIKAHUI
Otyy=0lyy + 0ty ABIAETCA TOCTOAHHON. M3 puc. 5 Bug-
HO, UTO PACUETHBIE 3HAUEHUA CKOPOCTHU MTy3bIPHKOBOM
IeTOHAIIUY JOCTATOUHO OMMBKU K 9KCIEPUMEHTANb-
HBIM JaHHBIM, T. €. MaTeMaTHuecKasd MOJeNb Iy-
3BIPHKOBOM [IETOHAIINY, IPUBEJEHHAS BBIIE, T0CTA-
TOUYHO XOPOIII0 OMUCHIBAET PACIIPOCTPAHEHME JIeTOHA-
IIMOHHOM BOJIHBI B MHOTOKOMIIOHEHTHOH MTy3BIPHKO-
BOW JKUJTKOCTH TI0 TAKOMY Ba)KHOMY IapameTpy IIy-
3BIPHKOBOI JETOHAIINW, KAK CKOPOCTH [IeTOHAIMOH-
HOU BOJIHBI.

W3 puc. 5 BupHO, YTO OOIIMIT BUJ 3aBHCHUMOCTHU
D(a,y;) Ipu pasIUUYHBIX CBORCTBAX MKUKOM (Dashl Ka-
YEeCTBEHHO CXOJHBIN — HAJINYWe B CUCTEME ITY3bIPEKOB
HEAKTHUBHOTO I'a3a MPUBOAUT K CHUIKEHUIO CKOPOCTHU
pacIpocTpaHeHusa BOJHBI eToHATNY. CHUMKEHME CKO-
POCTH 00YCIOBJIEHO ITOTePeli SHePTUHU AeTOHAIIMOHHOM
BOJIHBI BCJI€[ICTBHE HEPABHOBECHOT'O TemooOMeHa
MeKIy Ta30M U JKMIKOCTBIO M TIOTEPAMM, CBABAHHBI-
MU C aKYCTHUECKUM U3JTyUeHUEM.

Takum 06pa3om, HaJIUUNWE B CUCTEME MTY3BIPHKOB
HEeaKTWBHOTO Ta3a BBICTYIaeT GaKkTopoM, 00yCIOBIH-
BAIOIIUM JOMOJHUTEIbHEIE K HMEIINUMCA II0Tepn
SHEPTUU BOJHBI Iy3bIPHKOBOH JETOHAIIMM. Y BeJIuUe-
HUe KOHIIEHTPAIlUY aKTUBHOT'O Ta30BOI0 KOMIIOHEHTA
(Ipu JaHHOI HEeM3MEHHOU 00Iell KOHIeHTPAIlUK Ia-
30BOH (ha3bl) BeJIET K MOBLIMIEHWI0 CKOPOCTH PACIIPO-
CTPaHEHWS BOJHBI JETOHAIIWW; A €CJIU BO3PACTaeT
KOHIIEHTPAIM Iy3BIPhbKOB XUMUUYECKY HEAKTHBHOT'O
rasa, TO CKOPOCTb JIeTOHAI[MOHHOM BOJIHBI IafaeT.

75



V13BecTra TOMCKOrO NMOMUTEXHUYECKOTO YHBepcuTeTa. UHXMHUPKHT reopecypcos. 2018. T. 329. N2 12. 73-79
MmmantamHos W.K., NlesmHa T.M., Ky4ep A.M. 3aBUCMMOCTb XapakTepmucTuK AETOHALMOHHBIX BOTH B MHOTOKOMMOHEHTHOM ...

Dm/le

800 —

200 — T T T T T 1
0 04 0.8 1.2 16

Puc. 5. 3aBucMOCTb CKOPOCTY BOJTHBI M1y3blPbKOBOW AETOHALMM
D B MHOrOKOMIMOHEHTHOV My3blPbKOBOM XUAKOCTU OT
KOHLIEHTPALMM KOMMOHEHTA HEAKTVMBHOM ra30B0oM ¢(hasbl
Olyor” Qgo=0lgor T 0t;=0,04, ag0=1,25 MM, a40,=1,25 MM,
Olr=1,26 Kr/M, p°s0,=1,78 Kr/M’, Ay=2,49-107 Br/(M-K),
Ap=1,63-10?Br/(MK), yi=1,35, 1,=1,67, C;=1,14 k[Px/(kr-K),
¢2=0,52 k[Ix/(kr-K), nmHnm 1u 2 cOOTBETCTBYIOT KC-
MEPUMEHTANIbHBIM [aHHbIM 1 PACHETHbIM 3HAYeHUAM,
715 CenyoLmx napameTpoB CUCTEMbI: XUAKOCTb ~ BO-
LOINLIEPVHOBBIV PACTBOP C 06LEMHOM ONIEN [TIALIEPM -
Ha 0,5, B3pbiB4YaThINl ra3 — aUeTUIeHO-KUCI0POAHas
CMECb, HEaKTUBHbIV ra3 = aproH (Ar), Apyrve xapakre-
PUCTVIKV CUCTEMbI Takue Xe, Kak Ha puc. 1. JlnHm 3 n 4
COOTBETCTBYIOT 3KCNEPUMEHTAITbHBIM AaHHbIM U pacyer-
HbIM 3HaYeHVAM B Clly4ae, Kora B Ka4ecTBe XuaKou ¢a-
3bl VCMOMb3YETCS BOAOMMLIEPYHOBBIN PacTBOP C 0bbe-
MHoU foneu ramuepmHa 0,25 co cregyrowmmm napame-
Tpamu: p°p=1065 kr/nv°, G=1600 m/c, vi=2,13 MKM’ /C

Dependence of the velocity of the bubble detonation
wave D in multicomponent bubble liquid on concentra-
tion of a component of the inactive gas phase ctyp:
Olgo=0l4o1+0tg;=0,04,  ag=1,25mm,  ay,=1,25 mm,
=126 kg/n7, ple=1,78 kg/n?, 2y=2,49-10?W/(m-K),
2=1,63-102W/(m-K), yi=1,35, 1,=1,67, ¢;=1,14 kI /(kg-K),
¢»=0,52 kJ/(kg-K), lines 1and 2 correspond to the ex-
perimental data and calculated values, liquid — water
glycerine solution with a volume fraction of glycerin 0,5,
explosive gas — acetylene-oxygen mixture, inactive gas ~
argon (Ar), the remaining parameters are the same as in
Fig. 1. Lines 3 and 4 correspond to the experimental data
and calculated values in the case when the liquid phase is
a water glycerin solution with a volume fraction of glyce-
rin 0,25 with the following parameters: p%=1065 kg/n7,
G=1600 m/s, vi=2,13 um*/s

0,
Cynns70

Fig. 5.

HccmemoBanne JUHAMAKY JeTOHALIMOHHBIX BOJIH B
IY3bIPHKOBBIX KUAKOCTAX CBI3aHO C aHAJM30M BO3-
MOJKHOTO B3PBIBA B TAKUX CHCTeMax. M3 sKcIepuMeH-
ToB u3BecTHO [17, 18], uTo mEepBOHAUATBHOE TaBIEHIE
BJIMSIET HA XaPAKTEPUCTUKY (CKOPOCTH U aMILIUTYAY)
IeTOHAIIMOHHBIX BOJIH B IIY3BIPKOBOM KUIKOCTH, HA-
IpUMep, yBeJIunueHUe IIePBOHAYATIHHOTO NaBJICHUS
IPUBOAUT K YBEJIMUEHHUIO NMAllasOHA aMILIUTYZ Ja-
BJIEHUS, KOTOPBIE CIOCOOHBI MHUIMMPOBATDH JETOHA-
1uto. [ToaToMy HEOOXOAMMO TaKIKe TeOPETUUECKOE HC-
cJeloBaHNe BINSHUS MEPBOHAYAILHOTO JABJICHUA B
Ty3bIPbKOBO CHCTEMe HAa XapaKTePUCTUKYU BOJH IIy-
3BIPHKOBOM I€TOHAIUN.

3aBHUCHMOCTb JABIEHHSA JeTOHAIIMOHHON BOJHEL OT
HAYaJIBHOTO JaBJIeHUs IpeACcTaBIeHa Ha puc. 6. Bua-
HO, UTO C YBeJMUYEHUEM IIePBOHAUATILHOTO NTaBJICHUS
Ha oxwH mopapok ¢ 0,01 mo 0,1 MIIa mpoucxomuT Bo3-
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pacTaHme NHKOBOTO 3HaueHuA nasiaeHus ¢ 4,0 go
5,7 MIla. OrmeruM, uTO OpU MOHUKEHWM II€PBOHA-
YyaJpHOT0 JaBjaeHun oT armocdepuoro (0,1 MIIa) mo
2 klla maBieHue B IeTOHAIIMOHHOM BOJIHE CHUKAETCSA
1o 3,0 MIIa, uTo corsacyercs ¢ SKCIepuMeHTaTbHbI-
mu gaHubiMu [18]. PacueTsl mokasajiu, YTo JINTeIhb
HOCTb JIeTOHAI[MOHHBIX BOJH IPY M3MEeHEeHUY HauajIb-
HOTI'0 IaBJIEHUs Iy3bIPHKOBOI Cpebl IPAKTUUECKH HE
MeHseTcs.

p.lla

5,6E+006 —

5,2E+006 —

4,8E+006 —

4,4E4006 —]

4,0E+006 T —T T T
0 02 04 06 o8 Pio/ D+
3aBUCUMOCTV [aBeHNS AETOHALUMOHHbIX BOJIH OT Ha-
YasibHOro AasneHus po/p-, p-=0,1 Mlla, napameTpsi c1-
CTeMbl Takue Xe, Kak 4ns puc. 2

Puc. 6.

Fig. 6. Dependences of detonation waves pressure on the initi-
al pressure po/p-, p=0,1MPa, the system parameters
are the same as for Fig. 2
Dmlc
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Puc. 7. 3aBUCUMOCTY CKOPOCTY JIETOHALIMOHHBIX BOSH D OT Ha-
YaslbHOro AasneHns Po/p-. Todku 1u 2 COOTBETCTBYIOT
aggzaggﬂLaggz:O, 005+0, 005=0,07, 3ng - aggzagg7+aggz:
=0,01+0,01=0,02, p-=0,1 Mlla. HeakTviBHbIV ra3 — He-
oH (N,) (p%0:=1,25 Kr/M, Ayy=2,4-107 BT/ (M-K), y,=1,4,
C=1,04 k[Ix/(xkrK)), npyrvie xapaktepuctkn cucre-
Mbl Takue Xe, Kak Ha puc. 5 (miHm 1, 3 = skcrepyumeHT
[18]; 2, 4 — pacyer)
Fig. 7. Dependence of the velocity of detonation waves D on

the initial pressure ,,/p-. Points 1and 2 correspond to
Ol =0l0+0t2=0,005+0,005=0,01, 3 and 4 = 0ty =0tg01+0te0r=
=0,01+0,01=0,02, p-=0,1 MPa. Inactive gas = neon (N,)
(p20=1,25 kg/m’,  2;,=2,4-10°W/(m-K), y,=1,4,
¢,;=1,04 kl/(kg-K)), other characteristics of the system
are the same as in Fig. 5 (lines 1, 3 — experiment [18], 2,
4 = calculation)

Ha puc. 7 mpezxcraBieHa 3aBUCUMOCTL CKOPOCTH
JIeTOHAIIVIOHHBIX BOJIH OT HAYAJIbHOTO JaBIeHUA. Buj-
HO, YTO C YMEHbIIEHNeM HAYaJIbHOTO JaBJIEHUA MHO-
TOKOMITOHEHTHBIX IIY3bIPHKOBBIX CPeJ CKOPOCTb Pac-
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IPOCTPAHEHUA AETOHAIVOHHBIX BOJH CHIKAETCA.
Kpome Toro, MOKHO yTBEP:KAATh, UTO 3aBUCHUMOCTH
CKOPOCTY JI€TOHAT[MOHHO BOJHBI B MHOTOKOMITOHEHT-
HOH ITy3BIPHKOBOM JKUAKOCTH OT HAYAJILHOTO JAaBJIe-
HU 0JU3Ka K JTMHEHHOM.

3aknoyeHne

3aBUCUMOCTb MMAPAMETPOB [ETOHAIMOHHBIX BOJIH
OT HAUYaJbHOTO [aBJIEHUS MHOTOKOMIIOHEHTHBIX IIy-
BBIPHKOBBIX CPeJ 00yCJIOBJIEHA YMEHBIIEHUEM COLEP-
JKAHWUA 9HEPTUM B TaKUX cpefax. [Ipu ymMeHbIeHUN
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DEPENDENCE OF CHARACTERISTICS OF DETONATION WAVES
IN MULTICOMPONENT BUBBLE LIQUID ON INITIAL PRESSURE
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Relevance. Bubble liquids are a common working environment in a number of branches of the national economy. One of the most inte-
resting processes is the propagation of detonation waves in a bubble liquid with a flammable gas inside the bubbles. Detonation waves can
also propagate in a liquid with bubbles, partly consisting of inert gas. In this case, the presence of bubbles with inert gas is a certain con-
trol parameter for characteristics (amplitude, extent, propagation limits) of the detonation wave. In addition, there are experimental da-
ta on the influence of the initial pressure on the characteristics of bubble detonation waves in a multicomponent bubble liquid. This neces-
sitates the investigation of detonation waves in multicomponent bubble systems for different values of the initial pressure.

The aim of the research is to study the dynamics of detonation waves in a bubble liquid, partially consisting of bubbles with inactive
(non-flammable) gas at different initial pressures.

The object of research is detonation waves in a bubble liquid containing bubbles with an explosive (active) and non-flammable (inactive)
gas.

The research method is based on the fundamental equations of the mechanics of multiphase media, which are solved numerically.
The results of investigations on revealing the features of the propagation of detonation waves in a multicomponent bubble liquid at va-
rious initial pressures allowed us to draw conclusions and give recommendations. As the initial pressure of multicomponent bubble me-
dia decreases, the velocity of propagation of detonation waves decreases. The dependence of the detonation wave velocity in a multi-
component bubble liquid on the initial pressure is close to linear.

Key words:
Oil and gas production, explosion safety, detonation waves, bubble liquid, initial pressure.
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