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MoTuBanusa

* HemocTaTok SKCIEpUMEHTOB 110 MCCJICIOBAHUIO OCIHBIX

BOIOPOJHO-BO3YIIIHBIX IIJIAMEH.

* OTCYyTCTBHE ITPOCTHIX METOZOB HUccieaoBanus 3D GpoHTa

IIJIAaMCHM.

* BaxKHOCTB 3HaHUS CKOPOCTH PaCIpOCTPaHECHHUS O€THBIX
BOJIOPOTHO-BO3AYIIMHBIX TUIAMEH I OIICHKH PUCKOB

pPA3PYIIECHUN, BBI3BAHHBIX I'A30BBIMH B3PbIBAMMU.
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CpaBHEHHE SKCIICPUMEHTAJIBHBIX JTJAHHBIX

OtcytcTBUE HHGOPMAITUU
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air deflagrations by using infrared photography, Journal of Loss Prevention in the Process Industries (2013)



Ilenn

* Co3are HOBBIM METOJI BU3yAJIM3allMH MJIaMEHU Ha OCHOBE MH()PAKPACHOM

TepMorpapuu;

* OnpenenuTs €ro rpaHuiibl MPUMEHUMOCTH U TOYHOCTh NPOCTPAHCTBEHHBIX

U3MEPEHUN;
* PaccunTarh ¢ UCIOJB30BAHUEM JIAHHOI'O METOAa KOA(PGUIIMEHT CKJIaI4aTOCTH;

* Onpenenanuts CKOPOCTh pacnpocTpaneHus 15% BOgOpOIHO-BO3IYIITHOIO

IJIAMCHU;



NuadpakpacHOE U3TydYeHUE TUIAMEHU
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XapaKTEPU3YOTCS

A. K. Pebpos, C. ®. Yekmapes, H. M. UepnsiBuna, o
Konebarenbnast penakcanus u uznydeaune H20 npu ynapaom U3JIYYCHUEM C ITIMHON
HarpeBe CMECH Ta30B HU3KOH moTHOCTHK, XKypHa npukiaiHoM BOJIHBI OKOJIO 2,7 MKM.

MEXaHUKHU U TexHu4deckon dusuku (1982) 338-342.



NudpakpacHOEC N3TYy4YCHUE IIIAMCHHU

Yucsio KosiebaTe/IbHbIX TEPEXOI0B C UCIIYCKAHUEM Hagano
GOTOHOB C AJIMHOU BOJIHBI 2.7 MKM IPONOPIUOHAJIBHO IPEANPOrPEBHOIO
3aCeJIEHHOCTH COOTBeTCTBYIOMUX ypoBHEeU (A.K. PebpoB) : CIIOS
dnHzol _ 1 (ne n )
= — Ny

Ny, 01 — KOHIEHTPALKs MOJIEKYJI BOABI C KOJIEOATEIbHBIM
ypoBHeM |,
T;q — TIOCTOSTHHAS KOJICOATEIBbHBIX PEITaKCaIIHT,
e
Ny, 01 — PABHOBECHAS! KOHIIEHTPAIIMS MOJIEKYII BOJIBI C YPOBHEM

[TponykTsl Hecropesiuas
CrOpaHust CMECH

|, onpenensemas pacrpeaenerarnemM bonbimana.
MHTEHCUBHOCTD U3TyUYEHUS KaXI0r0 U3 MEPEX0/I0B:

hc WiS000mu
Kon
MkpTy, ) 1+ 11aWiS000mu OHCH
IPEIIPOrPEBHOTO
T,, - HaYa/JIbHasl TeMIlepaTypa CMeCH,
clios
W, — KOHCTaHTa CKOPOCTH J€3aKTUBALIHH,
C;- KOHCTaHTa, CBI3bIBAIOIIAs YaCTOTY JCaKTUBALINK U
MHTEHCUBHOCTE U3 IyYCHHS

Iy, = CI"HZOexp (‘



NudpakpacHOEC N3TYy4YCHUE IIIAMCHHU

2
e eTy he(T, w)
= ex X I}, - THTEHCUBHOCTH M3IyUYEHHS Ha «XOJIOJHOMY CJIOC.
I Ce—DTy+T,) =~ P\ eAksTyT, fuc
lu u b LB b u Ha «x01101H0i1» TpaHHIe TPOrpeBacMOro CJI0s IIaMEHH
HECTOpeBINIasi CMECh OCTAETCS HEM3MEHHOM,
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X ~ 10°
((6(1 + Tlan—>000nu) - 1)Tu + Tb)

[}y, - VTHTEHCUBHOCTb U3JIYUYEHUS HA «TOPSTYEM» CIIOE.

2 Ha «ropsiaeit» rpanuliie HarpeBaTeIbHOTO CJI0s TIJIaMEeHU
Lun _ (Tu he(Tp — T)\ (A + TiaWis000m) 6 P pRmAne b ¥
— = =] exp ~ 10 HECTOPEBIIAS CMECH OCTAETCSA HEU3MEHHOM, a
I, \Tp AikpTypTy Ty
1+ 7,WiL000My T, TemIieparypa pasHa T,

1453
Ilup Ty nHZOb he(T, — T\ Tp (1 + 71aWis000m) 9
~ 10 I, - MIHTCHCUBHOCTD U3JTy4CHHS B MPOTYKTAaX CTOPAHHUS.

Iy, Tp nflg?bu NLikpTpTy, ) (Tp + T1a Ty WiL0007y)

NHppakpacHOE U3TyYEHHUE TPOUCXOUT MO BCEMY 00beMy oOsiaka rmiaMeHu. THTEHCUBHOCTh W3 Ty4YEHUS
MPOAYKTOB cropanusi 15% BOIOPOIHO-BO3AYIIIHON CMECH MPEBBIIAET HHTCHCUBHOCTD U3TyUYEHUS TOPIOUEH
CMECH B DKCIIEPUMEHTAIBHBIX YCIOBUAX Ha 3 mopsifika u Oonee, Buaeo3anuchk B MK-auamna3zone ¢ giuHon
BOJIHBI 2,7 TIO3BOJISIET PETUCTPUPOBATH MIPOCTPAHCTBEHHOE MOJIOKEHHUE 00J1aKa MPOAYKTOB CTOPAHUAL.




DKCIIEPUMEHTAJIbHASA YCTAaHOBKA

1. narekcHast 000JI04YKa
IJICKCUTIIACOBAsA IJIaCTUHA auamMeTpoM 20 cm 1
3. MCTOYHUK UMMYJIbCHOTO BHICOKOTO

HaIPSIKCHUS 11

4. Wbl C Pa3psIHBIM MPOMEKYTKOM l_ﬂ

A

/S

5. IUIEKCcUIIacoBas TpyOka
6. OanoHa C MpeaBapUTEIbHO CO3IaHHOM D
CMECBIO

/. uHdpakpacHas Kamepa o a
8. (pOHT IIaMeHH 3 \—/ iy
9. Tteneoii mpudbop MAB-451

10. BBICOKOCKOpOCTHAs KaMepa

11. UCTOYHUK CBETA

[TapaMeTpbl ChEMKHU:
BricokockopocTHas kamepa: 300 k/c, sxkcno3unusa — 100Mkc,
Nudpakpacnas kamepa: 300k/c, sxkcnozunus 3, S win 10 Mkc, Auana3oHn 2 — 5,7 MKM



Busyanuzanusa UK-tepmorpaduei

Bpemena
JKCITO3ULUU

[TapameTpbl ra30BOM CMECH:
15%H,+ 85% Air 10 mkc

Cxopoctb cheMknu MK-kamepsr:
300 k/c

5 MKC

3 MKC

TeMneparypHbli IUAIIA30H MPEACTABIEH TOJIBKO KaK
CIIOCO0 MHTEPITPETALIMHN U300paAKEHU.
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I
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«MUJIMKEJIbBUHEI «KesBUHED)
JNuama3on:1020-1060 MK [duamazon: 20-280K




P C BYH BTATBhIl OQDKCII ep NUMCHTOB NuppaxpacHbie n300panKeHUs TeHeBbIe N300paKeHUS

10 -
®  HuHdpakpacHble n300paxkeHus
® TeHeBble KAPTHHBI MEPHEHANKYISIPHO MJIACTHHE
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I'pacduk paguycoB hpoHTa IIIaAMEHU HA UK 29 7 Mc
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N300pKEHUAX U TEHEBBIX KapTHUHAX.
[TorpemHocTs B Opeaeaax paMepa TOUKH.




PEeKOHCTPYKIHS TPEXMEPHOIO M300paKCHUS

1)
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OcHOBHBIE MPEANOJI0KECHUSA

R =(R) + Re Z(an exp(ing) + b, exp(inf))

n=1

Temneparypa u U3nydaresnbHasi CHOCOOHOCTD

DyHKIYS TpaHUIlbl (POHTA TIJIAMEHU

IIPOJIyKTOB CTOPAaHUsI BHYTPHU 00J1aKa

N3MCHAIOTCA HC3HAYUTCIIBHO,

[1nams siBnsieTcst TOOATBHO MOTYC(PEPUIECKUM;

Kamepa HaxoauTcst 10CTaTOYHO 1aJI€KO OT = R(p, 6)
00BEKTA; y

S
BrinykiocTu Ha PpOHTE TIJIaMEHU SBIISIOTCS

IMMaAKUMHU U HAITPABJICHBI OT LICHTPA o0Oaka

X (Xp, Yp)

(Re, @p)

IPOTYKTOB TOPCHHS;
O06s1aKo MPOIYKTOB rOPEHUSI MPEJCTABISIET COOOM

IPOCTOM CBSI3aHHBINA 0OBEM.

_/2 2
Ry = [xp +¥p

0 = arct Ae
= arctan Zﬂbe

\R((P» 0) = \/Rﬁ + Z%’Lax(prYp)

Cucrema ypaBHEHHUH TSI IOCTPOCHUS TPEXMEPHOU KAPTUHBI



TpexmepHsbie n300pakeHus PpoHTa
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KosppunueHT ckaagaarocTu

Wrinkled

Smooth

< RWF> = Rsm

sm

2,5 N
-A'
2,0 - —=— 2D meTon
- -A - 3D MeTon ;
A
1,5
[1]
™ LWT 1!0 .
- —
—2D L
Ssm
0,5
— L‘;\/VT' 00
:‘ p— , T T T T
3D S 0 25 50
Sm

<R>, mm
['padpuk 3aBUCHUMOCTH KO3 (UIIMEHTA CKIATYaTOCTH OT
panuyca (ppoHTa MIaMmeHu. BogopoaHo-BO3AyIIHAS
cMmech ¢ 15% conepxanremM BOIOpOIA.



CKOpOCTh IIJIAMCHHU

v =SPE(O— 1)+, e

V. Golub, A. Elyanov, A. Korobov, A. Mikushkin, V. Petukhov, & 18-
V. Volodin, Influence of heat absorption on hydrogen-air flame 2 4 5 ]

Instability, Experimental Thermal and Fluid Science 109 (2019). 2 1’2_-

0.9 ] —&—U3 s3kcnepumeHTa
— @ - Paccuurannoe mo 2D

o - -A - PaccuurtanHoe no 3D
3Ha4eHUsT BUAUMOM CKOPOCTH, PAaCCUMTAHHBIEC C 03
HCMOJIb30BaHUEM KO PHUIIMEHTA CKJIaI4aTOCTH, T
0,0 r . .
MOJTyYEHHOTO Ha PEKOHCTPYUPOBAHHBIX TPEXMEPHBIX ! ' ' '
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MOBEPXHOCTSX, OOJIbIIIE IKCIIEPUMEHTAIbHBIX.
OOuienpuHsATas METOJMKA pacyeTa CKOPOCTH OCHOBaHa Ha
MIPEANONOKEHUU O MOCTOSHHOW HOPMAJIbHOM CKOPOCTH
(dbpoHTa IIJIaMEHH.

DTO CpaBeUIMBO IS IJIAMEHU MAJIOW KPUBHU3HBI, HO B
CJy4ae CUIJIbHO U30THYTOTO IJIAMEHU HOPMaJlbHas
CKOPOCTb IUIAMEHH 3aBUCHUT OT CTpeTU-(akTopa
Kapnosuua K u gimuasl Mapkireitna LM roprouen cmecu.

Bpewms, ¢

I'paduk ckopocTu pactpocTpaneHus: GpoHTa MJIAMEHU B
pa3JIMuHble MOMEHTBI BpEMEHU



Pe3ynbprarsl U BEIBOJIBI

* B cmecu u3 15% Bogopona u 85% BO3yxa BIEPBBIE MOJTyYECHA CEPUS MTHOBEHHBIX
MOCJIEA0BATEIBLHBIX TEPMOTrpAQUISCKUX N300PAKEHUN PACIIUPSAIOIIETOCS MOIyCPEepUIECKOTO
IUIAMEHM B AuarazoHe 2 — 5,7 MkM. I3MepeHsbl TpOCTPaHCTBEHHO-BPEMEHHBIE MMAPAMETPhI
IPaHMIIbI INIAMEHH, OJTYYEHHBIC TCHEBBIM U TEPMOTpaMIECCKUM METOJIOM.

* Pa3zpaboraH MeToa peKOHCTPYKIMU TPEXMEPHOU MOBEPXHOCTHA PPOHTA TIIAMEHU W OTIPEAECITICHBI
YCJIOBUA €r0 NPUMEHUMOCTH. [I0CTpOEHBI KAPTHUHBI TPEXMEPHBIX MOBEPXHOCTEN (PpOHTA
miameHu. M3 moctpoeHHbIx moBepxHocTen u 2D-UK n3o0paxeHuid Noay4eHbl 3HAYCHUS
ko3 duLMeHTa CKI1aa4aToCTH.

* IIpoBeneHO cpaBHEHUE 3HAUCHUI CKOPOCTHU (DPOHTA TNIAMEHH, PACCUUTAHHBIX MO
KOA((PHUIMEHTY CKJIaA4aTOCTH, SKCIIEPUMEHTAILHBIMU 3HaYeHUSIMU. [IokazaHO, 4TO CKOPOCTH
IJIAMEHM, PACCUMTAHHAS C UCIOJIb30BAHUEM ITOJTYYEHHOIO TPEXMEPHOTO KO3 (PHUILIMeHTa
CKJIaI4aTOCTH TOBEPXHOCTH, MPEBBIIIAECT U3MEPEHHYIO; KOT/Ia PAANYC IUIaMEHU NpeBbImact 30
MM, CKOPOCTb IJIAMEHH, PACCUUTAHHAS 110 TPEXMEPHOMY KOI(DPUIIMEHTY CKJIaI4aTOCTH,
[IPEBBIIAET CKOPOCTh, IOJYUYEHHYIO U3 3aBUCUMOCTH CPEIHETO paanyca OT BpEMEHHU Ha
BennuuHy 10 30%.
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