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Direct Initiation of Spherical Gaseous Detonations

Initiated by a Planar Detonation in the Tube

by Hidenori Matsui

The present paper describes some results for the critigal energy for direct initiation of spherical
detonations in acetylene-air, fuel (H,, CH,, C,H,, C;H,, C;H; individual)-oxygen and fuel (H,, C,H,, CsHg
individual)-oxygen-nitrogen systems initiated by a planar detonation from a linear tube into the larger
volume of the same explosive gas. v

The critical diameter for direct initiation at atmospheric pressure was determined by extrapolation
of fhe experimental relation between critical initial pressure for direct initiation and the tube diameter.
The energies for direct initiation were calculated from the critical diameter data and the detonation
properties using simple initiation model.

- The results lie between 1073 and 10* joules within the whole experimented gas systems and composi-
tions. Comparisons with existing data from exploding wire and electrical spark indicate that the
present results are more than one order smaller than those of exploding wire or electric spark. This
may arise from the fact that the critical energies using exploding wire or electric spark is not based
on the effective energy but on the total stored energy (Er=1/2 CV2). However, the present data show
a good agreement with the results obtained from detonator based on the chemical energy. This sug-
gests that the energy transfer mechanism for these two types of igniter is almost same.

For hydrocarbon mixtures it is indicated that the critical energy takes on minimum value that are
widely displaced from the stoichiometric composition for combustion to CO, and H,0 ; instead they are
fairly close to-composition corresponding to combustion to CO and H,O0. v

'Minimun critical initiation energy for direct innitiation of spherical detonation in fuel-air mixtures

without acetylene are estimated at above 10* joules.

* AARLFELBIBHESBES (Apr. 197]) REVWT—BER
** (b%Bi%e# Chemical Engineering Research Division



1. #

T

kR BT, KEDOAAMAS AE (unconfi-
ned vapor cloud) M IR T\5 LT A, i
ERE R H - IS kR 25 2 TRohE, TR AE
i, RKENGEBECEISSHE - TRENEEL
5510, OBEEKENSEEARRCIEN - T
WDT, ZhPREYFABZ 5 (spherical ga-
seous detonation) ELFEATW 5, BZ 5 WA EHIC
LY D X5 e EHEBERET 5 KR E LU,
BT BRA =7, KEFOBRFR BEETOYH
OERE, EhOBRZ S WOTBARILERD S, Z 0
BE, BKEREETBI > BRI 2EHEERI VR
WERBE BT RERD B D, BT 5 OEERE
ix, BAREO=%1F— (critical direct initiation
- energy) LBERDO=FAF—FE (critical power)
PEETEY, BEERERA =R F—1%, WHRE
FADRT S5 LBI YT L CEETHD, #EF
% OWRBRT L - THEADHETHEN LI Tu
589, Ll 7ed b BEVORECITREESE X
»TRERENRRDND ThIXBEEBEREDREN A
K DT BEBE OB NENTRER L 2K
INEBCEF L CWBe®, SKREOBESEE, B
R EC LS TRESFEEBINDINLTHS Y, Rl
BORIT — 2 —i%, £ OBARB~TRFES T A
EDWTDLDTHY, EELLELR~ERES
HARDNTODT - X =G LAEREUDL v Th
RB~BKEET A TRIEERERR =2 v ¥ -1

counter

EXREWETERE

RIIS-RR-26-4

Mo hREL, EEWCHETSC EXFHL WD T
H50 ’
AR TIE, BFOFEHEBS SWhmSARELTH
W, [BWERTDT s Uy ~285, ; =F U v ~BRE,
~BHR; Fev~EpE,
B AX VA BERRATAYEEBECEIEIRL LT
LoT BIOEIEECETIERADERNLEH
NEHCRBBERA=ZAVF—2EBET 5 2 L 28&
oo ZDHET, HEHAERCREEBRS 5By EE
CEIED ENTE, AKENEBRINBIEVZ2M
DF A LA CHRD—RTCFEIRES 5 W TH B0,
ZDRUER—ETHDE VI FIRED 5,

2. EEBREREHLIUFEZE

REREBEOHMY Fig. | Wit ERCERLL
BEAOBEISEER, L UTER 300cm 0o—jg
CHAFEERENDIRTR2 4 vF (FAE5.3cm) ©
BEEARZERELHAV . 2hE2REX20.8cn D8 o
YFIRKRE (R 20.5cm) 7 T v O TER LT
DA, BIOEELEREDOAROEI W 415D
ME BREFOBEREOMEIERL S B, hilE
BERBROTEL, SKEESERETORBCKET S0
LTHDo TDBRISHEELIEKEN, FTEECLS
THOPLDFHELLBEETVAREAL, BIO5EE
DEUEB N T= 27 v affie — X THE A LI, B
EEATIE, PRFALTHLIEBAR N1 FALEOR
BeAkERELE R, BEBbR—KRTOFHEIRES 5 I~
BT5. ThEBREFANITLRASR, BRXEFTORE

counter

L]

L3

g

(1)(2)3)4)

ion-probe circuit

to mixing tank
ion-probes (3)
(1) (2 )
arger
Y [ LT e p )
nicrom-heater detonation tube I amplifier cynchroscope
semiconductor L l:l :!

|pressure transducer

Fig. 1

trigger pulse

Schematic of the apparatus

KBIE OB

~ER; KE~E, ~F



BhOVPHBS 5 WERBRET 5B 5 WOEK — 3 —

T, WEENERELT, IHREH TR SERN
e FBBROYELRFRBEF ACDCTRE LI, #
ADEE T ETHHE T AREFTHRE L,
FF VY ~EBZEET ADKEDF ARE T DT
i, BIOEEOFEMNLA vF (BE 2.76cm),
1/24 v (RFE L.6lem) OBH>WTHRALLE
BEEBOBRMELHEL, B> BEOEREER
BRAIEDOBEFRERD e KT OBREYATEE
THEL, KGECRTHRIBEATRELRD, 0
fExE - CTHRREFTORBT AR 5 EORERA
2R AF - RENFCEE Lo
WHEEEORIER, FERCRINTIeAt+y -
TR - TKEDEFERRAML, COHIE ==~
FA Ry v EOFEERIEBE~NATLTCE o —-
FHEIOFBWEEE #RIE Lo IKKECTOREES
BT E DR CHIE Ulc, el RBRIIREEX
NETHBERNOE » PR TIT- 1%

3. EBERKRIRXLF—OHEE

FRAETACDWT, KKRERBWTED S g+
DOFMFES H W X » THHREFOF AYEHERER
#5HBPRADER (dor.) T—XF—B=RAVF—LE
BT A U ToEFTARFE LY, 2 OBOR
ﬁv}_z Photo. 1, Fig. 2 ©wirndo
TR OFET AR S EHAEEDL D IEBERT, A
ZERADRIRT ANG 2 B = F =%, [KEEOFR
BRH A LD DS T B RBEE T A DB AT X
STHRENBAECHHE IS, Tebb

1
E=j PUAw,A=A@
0

ZCCPREEED, URNTFEE, ABEAEORE
BrEbT. BREHET TR, BEWEHTOERS 51K
WEwEORLEE, BiR»DEROERIZTEALR
B CERT S 2 L RNERNCEHRI ST\ 5%, (Pho-
to. 1 2R) Th3BFFOVFHEBRI SBIBREABE
B LA IAWERIANH B T, EOERF B EHRD
= FLEOFRLEANE - TEE ¢ THELFFTK
I-THREIEbhD, T CREXEEDNFE ¢
DR 2R THELLFEEEIE = » FhLEBHET
Bl L-Fciy, BHsbHEBS S BOLmITE
BONRD 2, ThbbBEROEMIETHEATHS
TEWRIeD, & DRRIIEWRIC D - T REER T AR

Photo. 1 Still photograph of 2C,H,+30, detona-
tion in a flat channel at 30 mmHg initial
pressure

BRFEPCBT LRI S BERBLEER

planar
detonation e e .
/ initiation spherical
point detonation

Fig. 2 Schématic diagram of model for initiation
of spherical detonation fired by a planar

detonation
EROTHBRS SR L A2KEES 5 BoE
BEiRger v . .

FirU RO ATIRWEEORRT ALK LT=R
Fk B2 B LD, 2 F D FEFWHE O
~FET B EFTREmRMDHREIhfc=R L F—DZ
PR BB DL EL DB ENTE D, T
b te=de. j2¢ ETrho TP Pooy, Utk Uy
ThE% bhb, BE C-J It Chapman-Jouguet @}3
WY TAETHHZ L omnT, ROt
BT, EFEAEOFHERIES 5 WORBERRE AL,
A=rri=n(ct)® TREhbo HoTELLBbhS
HheRBERR= AL F-RHUTO L5 1%,

ded. /2C
E= f Po_y-Ug_y-m(ct)?ds
0

=__'__.24_'C_J,.dcr.s (1)

ZDORI L » TRBBARERE dor. BFEMO=FAF
AT B ENTE D,

4. RBRERSIUEE

4.1 EEEREREFHEOHE
WEKREFDOTANRE HWEEIDOFEEFED 5 HL



— 4 — EERSHRMPFEME  RIS-RR-26-4
Table {1 Variation of wave velocity when acetylene-air mixtures in the 8” larger vessel
are fired by a planar detonation in the 2" tube
2" BT HSWEF ORI 5 8" RE~THLRAALKOFEEEEEREL (7eFV
v ~Z25) B
Acetylene Critical condition Sub-critical condition
concentration . Initial Deto. vel.v in Deto. vel. in Initial Deto. vel. in|Flame vel. in.
[vol. %] press;lre v 2" tube 1Y, vess.el press;lre 2" tube 8" vessel
[ kg/cm®abs. ] [m/s] [ kg/cm?2abs. ] [m/s] [m/s]
7.0 4.8 1882 1548 4.7 1876 548
7.7 3.0 1899 1553 2.9 1900 557
8.8 2.1 1949 1505 2.0 1946 564
9.6 1.8 1965 1588 1.7 1964 564
10.8 1.6 1987 1686 1.5 1984 545
12.5 1.5 2017 1697 1.4 2013 410
14.5 1.6 2052 1663 1.5 2047 424
16. 4 1.8 2052 1591 1.7 2038 407
19.0 3.0 2014 1602 2.9 2003 387
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The present paper describes some results for the critical energy for direct
initiation of spherical detonations in C,H,-air ; H,, CH,, C,H,, C;Hg-oxygen and
H,, C.H,, CiHg-oxygen-nitrogen systems initiated by a planar detonation from a
linear tube into the larger volume of the same explosive gas.

Critical diameter for direct initiation at atmospheric pressure was determined
Ly extrapolation of the experimental relation between critical initial pressure and
the tube diameter. The energies for direct initiation were calculated from the
critical diameter data and the detonation properties using simple initiation model.

(9 figures, 1 table, 2 photographs, 16 references)
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