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Composition Limits of Detonability in Fuel —Air Mixtures
by Hidenori MATSUI

On the view poiﬁt of' prevention of accidental explosions, it is
important to clarify the criteria of propagation of a detonation
wave in fuel-air mixtures. These- criteria are called limits of
detonability such as limit of composition, limit of tube diameter
and limit of initial pressure. These three limits are related
each other. One of the fundamertal properties of an explosive gas
mixture is the composition limit of detonability at atmospheric
pressure in a certain‘tube diameter. It is known that the compo=
sifion limits obtained experimentally are strongly influenced by
initiation methods and the size of the testing vessels. At the
present time no standard operationai definition for the detona-
bility limits based on experiments has been established. |

‘n this study influence of the initiation methods, tube diame-
kers and existence of an obstacle in the tube on the composition
limits of détonability was investigated using the detonation
tubes. Detonation parameters have been determined ir. fuel ( hydro-
gen, methane, ethylene and propane )-air mi#tures for ambient
?Pessure and temperature in 1 in: ( 2.8 cm ) and 2 in. ( 5.4 cm )
diameter tube, with self-initiating by flame acceleration with
Spiral wire and with direct-initiating impéct from driver detona-
Tions of stoichiometric oxy-hydrogen mixture and equimolar oxXy~

acetylene mixture.

* %17@%’«%@9‘/‘/d‘f“/“vA(1979&12}3)&0‘%12@%%1’?6?%%%(1979&1213)6C2‘50‘“C~%B%§
** LIS Chemical Engineering Resarch Division



It is found that the detonable composition rage of fuel-air
mixtures which is obtained with direct-initiating 1mpact from
driver detonation depends on the strength ( i.e., wave velocity )
of blast wave from the driver at the end of the testing tube
measured in non-reactive medium ( i.e., air or nifrogen ). Thus,
the stronger the ‘initiation source, the shorter and wider the
testing tube are, the measured composition limits of detonablllty
result in wider range. It was suggested that the most of the data
of composition limit obtained in laboratory scale yessel using

strong initiator were not for self-sustained but for overdriven

detonation waves.
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Tube Lower Detonation| Upper Detonation

Fuel diameter limit velocity limit velocity

(mm) (vol. %) (m,/s) (vol. %) (m/s)

vd 28 12 1080 70 1695
yarogen 54 11 1070 72 1655

C Metn 28 7.2 1527 11.2 1684
ethane 54 6.8 1466 115 1713

b 28 2.9 1525 6.5 1625
ropane 54 2.3 1502 7.6 1598
 Einvl ' 28 3.5 1453 152 1605
o RHiyiene 54 2.9 1352 18.0 1578
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Fig. 6 Composmon limits of detonability
in hydrogen—air mixtures as a
function of inverse of tube diameter.
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were initiated by equimolar oxy—acetylene detonation.
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Table 3 Propertis of the driver detonation and the blast wave at the
interface of driver detonation and air.

ERENR O S I OB EER URKH OB BEHEROWLE
Properties of detonations Blast wave in '.alir
Mi'xtﬁres Velo'city Pressure Temperafure Velocity Pressuré
(m/s) (atm.) (°K) (m/s) (atm.).
Z2H,+0, 2834 1838 3682 1470 | 208
CpHy +0, 2935 45.8 4512 1963 37.3
P o =1atm,,, T. =7298°K

(0] (0]
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Table 4 Blast wast properties in air at the end of tube.
ERENE O DM DEREI[NOFBEER DERIFI T ISEE

Tube Blast Mach Pressure | Temperature
Mixtures diameter velocity number Po/Py
(mm) (m/s) Mg (°K)
28 460 .90 361
2H2 10, 54 539 56 2.66 405
. 28 : 603 .74 3.38 444
C2Hp10, 54 800 2.31 6.07 584
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3. 5 MH~BE~EBRROEBISERERR

R HEPHEICAWIR OO BEOBRONE
PEC S BERFICKIZTERL, —KiT, B~
BB~ RNEEH ZZOBRC SHEBRRAICS Y TIEE
BT EDHEINS, Fig 10ic, BREBROBRIRU
BJRCHWEOERMPENLBHAD, Hy~0,~N,
ZOMEC S MBRBROAEME S =ARKICRT, Wl
OMERERIT, EREENEINTE 1A v FE
he, KE~BEOMBHBREAY ZOBT ST
HIELBAORRTHD, /MK TS GEI,
TEFLY~BROEENVEAT AOBNVETHE
THRELLEXOERERKICED 2R TH 5,
BEOFMERRNMEOSZD I hdb 5T, @65
KRR A DL 725 & &b 2 B,

CORRIC, BBEDRCH>BEBRAOAIEES:,
BRAFERCAIECAWEROERBEUD S DIT
DT, BE~BE~EZRO=RSRO=ARICS
ny bLTAHBE, BEOBRICLST—ED/ %
—VREBRCEMARINS, FigllikzFLr v~
R ~E R OMEERRREER R 8 C 5 AR EHED
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Fig.9 Effect of spiral obstacle on detonation
propergation of Hz20% in air in 1inch
tuve. The detonation was driven by
equlmolar oxy acetylene detonatwn
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Fig.10 Detonability limits in H, - O,

N2 mixtures ;

@ results for infinite tube obta-—
ined by extrapolatlon by wagner
Ref. 3

O results in:1 inch tube,detonatig
initiated by 2Hz+ Oz detonation,by"
Munday,Ref 1

© Present results in 1 inch tube,
detonation initiated by 2H2+Oz
detonation

H2-0:-N: ROEZ SRR AES
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AR OHWETREIN S,
2) |RITH>TRAR, BEPTHLESHTHIREA
ERILMITE 3, chid, BELEREIET, 20
Limits of flammability  sgaqprppm gz 13 HBOBEBE D02 & 4 &R
CLUThicLitBALTWADERDNS,
B) BRI BZEAFFRBRERIT, BB EBED
BEhot2BREE TE LN B,
CNSDEFEDLS, HEMEHCONT, BEDD
@Cv%ﬁ@ﬁﬁ#b@atwnw Z DRI EFH
”Mwnnwnnwwandﬁ' sttt Lie 24isb oM 5 BBIRR A AFRIPEIC &
f% AN, STRET B ENTE S, BMEPDRET HBER
F1g 11 Limits of flammability and deton— 3, BROESTE 200K E CORERID
ability in Cp Hs — 02— N3z mixtures »H0, CNSEFAT A LKL T, BEDDIE

CoH,

Limits of detonability

- @ results for infinite tube CHRERADOUEFEICKIE Lz RmoZESh o
obtained by extrapolation by BEOBERRAEZRIDIMET R E BT 3,
wagner,Ref. 3 FFETCnERD 2K, KRick - T, 2K

©detonation initiated by hOME 5 LBRERSS 5 L 05T% 3, FHR
ex 0sS1ve 1n incec upe i
 Fakal Ret. 24 Y i3, BEFORS S FTHRAL 20 2RAT IR
L - [/
CCH1s - 02— N2 RDBRER VB SERD °
Y @ﬁ@@@catmﬁmoh%>éﬁﬁﬁﬁﬁi

CFO021A
8L, A=U-L, B=L/S, C=100—(B+U)
L BEPOECSTRAE (vol. %), U: BEh
DIRET S FRR (vol. %), S LBt

(#%vol. %)/ (B% vol. %) |

Table 51T, &> hDREHC DV T, EE A RS

PlaRd o EOLDZDRIEZRARDE T 5K
BRADOHEL > S, BE~BRE~EZBZO=ZKIHRD
BCHOMBRBRAR, BUOHESHBROREFET
AELEE, —RICRDZ EBHEEI NS,

m @Ciﬁ&@ﬁﬂ,ﬁﬁﬁnﬁﬁﬁ%iﬂcz

Table o Upper limit of detonablllty in air predlcted from detonablllt'
limits in oxygen.

BEPOBISEERROIEE, SHEE Ul %¢@&:5Lmﬁﬁﬁ

Detonability limits in Og | Predicted Corresponding
B ) L er limit initiation method
, Fuel . , 1.1pp and tube diameter
Lower limit | Upper limit | in air in Oy
Hydrogen 15.6 % 92.6 % 641 %
Methane 82 56 1.8
Ethylene 4.1 60 15.2 2H2+02 driver,
“Propane 2.5 42.5 8.5 in 1 inch tube
‘Propylene 2.9 50 11.5
n-Butane 2.0 38 6.8 (Ref. 1)
z;éneo Pentane 1.5 33 5.9 ‘
Hydrogen 9.0 % 95.3 % 77.8 % | Strong driver,
‘Me thane 6. 7 53 13.3 infinite .
‘Ethylene .33 61 17.9 tube diameter
- ( Ref. 3)

R *T BIEHEDFE L &0 5 BRI,

~
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WRY, ChoDRIEFRELZ LRI LTASE,
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BEORBER CERICANVEZABEDORE IPERICL
S TELLERABEERLTNBTEBDNE, C
noDOHEER, FNFLOECHERGZ BT S
CEE-T, EHMICHIET AT LT 3,

BEDOBER/A/ S~ TEXLILEES, BOETS
BHELBWHRATHBETFLYPIF L VA FY
FEEGEDREEHRATS, BEEBASVLEAIIZ
( B 2 ITAE60cm ) , ﬁﬁhmmoﬁ<fé(ﬁz
¥50m ) , @Cvd&bfmmm chid, IRWE
hTid, BRI ZRBA ROENIE OFILERE
TRITIEN Y, KEEDIEMB T3 T3, BREK
DERICETESY, BOEBR LD LEIN
3, COHBE, BOEWNITHIT, EEEICL LR
A ZRDENBELLRD, BT OINOEE LT
3, RWEhTH, ERICEEBSNE, KBS
ZDHWNEEL, BTHONDEBHSED > 2dDE
BEbh s,

EENEEHREZEDTOR TS BERADOH
ﬁf@,@%%ﬁ@ﬁ&bfﬁﬁ@ﬁﬁz%ﬁ%ﬁ
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WIEE, RWECHEERABE SO TED, ffid
WTNDOFEEERTS, BOEVET SBERSR
BROLNTNE, chid, Ba—FoER TR
EOBTHICE > TEULBERE R, —RFEE

( Planar) Thai®, HBREORRRIRL/NS

<, ZEOBAL L ATIHEEO®R S (HE,
D) BRELILBDTH 5,

B UBREIC L IEERROEATS, BEhoki
FIR sz BRI, Ta2@RPT DY -+
f%ihtﬁ@%émmﬁﬁ%®%ﬁ®¢@ﬁ<f
IR LB aidil, BED o4 U BRI ERE
( Spherical ) THMB 70, O HEREIZE
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B33, BEH> 0ERIKIE, KT R EH 23—
DOKfHE, A —FEOBRIEZREF LLERBECL T
mE, MET BLENS DT, BWSHER DR
HICNERAREICT L EEKRB, ®-T, To
BEERICBI 2B HBAOWETE, BEE
TEEEOKREIN g b LRIGICR Y, B5Ns
BCHOBERRIZ, —BEPTOREICH~TR
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&@&ﬁ@ﬁ@%ﬁmxéﬁﬁmmmmf @C3
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SVEEERICL BT AL F—BERDEL, K
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HREOTANE - BREDE, MBRERR LY
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Table 6 Detonability lmits in fuel —air mixtures,
BE~EKEEHIDRI S BERR OAIEE
Detonability Test vessel
. limits(vol.%) s s Dia. |Length
Fuels L.L. T Initiation method (cm) (m) Ref .
27 35.5 Self initiation {(2)glass 40 17
Hodn 18.3 59 (2H2+02driver) (2.5) 18)
yaregen 4 s 63.5 | Explosive 30.5 | 12.2 |
9.0 76.5 (Strong driver) o 2.4~3.0 3)
Methane 6.5 13.5 Amatol 70g 30.5 12.2 23)
Failed Self initiation 60 50 21
6.6 15.3 Self initiation |(2)glass 40 170
Acetylene 6 25 Penthrite 7g 184§ baloon 1)
4.2 50 (2H2+O2 driver) (2.5) 18)
2.0 (100 Penthrite 10g 60 50 2D
.3 9.1 Self initiation 8 27 8)
- Ethylene .3 14.7 C3H8+502 driver 18 15)
.8 18 Penthrite 20.3g | 15 15 )
Ethane 2.9 12.2 CyHg+50, driver 7 18 15 .
Failed Self initiation | 60 50 21
Ethylene-
. . 60 2D
oxide 5.3 18 Tetryl 10g 501
30 Tetryl 100g 60 50 AV
Ethanol 3.25%C H, -0 : e
at 100°C 5.1 9.8 dm.'ve% 10" -2 1.3 1.5 14)
— 7 7
Propylene 8.5 Sheet explosive |[1.8mx1.8mx7.6m )
.5 10.4 C3H8+502 driver 7 ‘18 15)
Failed Self initiation 60 50 2D
3 Sheet explosive | 1.8mx1.8mx7.6m 7)
Propane
‘ 2.6 .4 C3H8+502 driver 7 18 . 15)
2.2 9. Penthrite 10g: 60 50 - 21)
Butane' Sheet ex91051ve 1.8mx1.8mx7.6m 7)
. 2. 6.2 C3H8+502 drlver 7 » 18 1@
Ethyl- . N
i;ether 2.8 4.5 (2H2f92 drlyer) ‘(2'5) 18)
Benzene 3.25%C _H, -0, . )
at 100°C 1.63 5.55 drives 10 72 1.3 1.5 14)
n-Octane ‘ . : .
1" . 1.5
at 160°C 1.45 2.85 1.3 14)
Hydrogen- 6.5 | 21 Penthrite 20.3g | 15 15 %) -
sulfide . enthrite .3g

C )

estimated.
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The method of quantifying the singularity of events are discussed.. The singularity

ngyurprisal” which event gives to the man. The ngurprisal”

is evaluated by the

is the functibn of following three factoTr;

(1) the difference between expectation and the event which really happens

(2) the degree of importance of the event toO the man
nt or emergency.

(3) the degree of urgency of the eve
nly discussed. This factor is defined by

In this papar the first factor i1s mai

-log P, and compensating term,where pj is the subjective ptobability of event J

which really happens.

To confirm the theory,ve tried experimen
he score of tracking task. An sufficilent

t of pursuit tracking. The "gprprisal"

were caluculated and compared with €
(6 Figures, 2 Tables, 1 Reference )

O

result was obtained.



