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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 fundamenrtal 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-
ters and existence of an obstacle in the tube on the composition
limits of detonability was investigated using the detonation
tubes. Detonation parameters have been determined ir fuel ( hydro-
gen, methane, ethylene and propane )-air mixtures for ambient
pressure and temperature in 1 in. ( 2.8 cm ) and 2 in. ( 5.4 cm )
diameter tube, with self-initiating by flame acceleration with
Bpiral wire and with direct-initiating impéct from driver detona-
Tions of stoichiometric oxy-hydrogen mixture and equimolar oxy-

dcetylene mixture.

* BITEBMGE Y v R YD 4 (19794812 A) RUE 12 K4 TEMFRRE S (1979412 B)IC BN T—HRE
** fLEEE A Chemical Engineering Resarch Division



It is found that the detonable composition rage of fuel-air
mixtures which is obtained with direct-initiating impact 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 detonability
result in wider range. It was suggested that the most of the data
of composition limit obtained in laboratory scale vessel using

strong initiator were not for self-sustained but for overdriven

detonation waves.
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Tablel Some experimental results of detonability limit
in hydrogen —oxygen mixture
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Tube ; L.
Pressure diame ter Composition Ref.

Limits of —09 '
compo sition 1 atm . 2.5 em 16.6 ~92.6 % 1)
Limit of . '
initial 23 mmHg 2. 5 em 50 % 2)
pressure ,
Limit of
tube 1 atm. 0.25 cm 60 % 3
diameter
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Table 2- Detonability limits of fuel—air mixtures in different tube diameter

ERVRLIBROMRHM~ERESHIAOBRISBERRLBRRTOEE

Tube Lower Detonation| Upper Detonation
Fuel diameter limit velocity limit velocity
(rm) (vol. %) (m/s) (vol. %) (m/s)
Hyd 28 12 1080 70 1695
yarogen 54 11 1070 72 1655
| 28 7.2 1527 11.2 1684
Methane

54 6.8 1466 115 1713
28 2.9 1525 6. 5 16258

Propane :
54 : 2.3 1502 7.6 1598
 Etnvl ' 28 3.5 1453 15.2 1605
o mayiene 54 2.9 1352 18.0 1578

Detonations 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.

RS ROBHERUZE *«@Eﬂ@ﬁ&@@%ﬁ

Properties of detonations Blast wave in '.a:\ir
Mi'xtﬁres Velo'city Pressure Temperafure Velocity Pressuré
(m/s) (atm.) _ (O‘K) (m./s) 7(_atm-)b
2H,+0; 2834 | . 188 3682 | 1470 | 208
CpHy +0, 2985 | 458 | 4512 1963 | 373

(o]

P, =1atm,, T, =298°K
Ll *6 FTELAERIISCRIICE L BT 5o
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Table 4 Blast wast properties in air at the end of tube.
ERENIE O Sl DERESNOZBEER OERRIB TOEMEHE

Tube Blast Mach Pressure | Temperature
Mixtures diameter velocity number Ps/P,
(mm) (m/s) Mg (°K)
28 460 33 .90 361
ZHp 10, 54 539 156 2.66 405
. 28 : 603 1.74 3.38 444
C2Ha70, 54 800 2.31 6.07 584
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HIELBAORRTHD, /MK TS GEI,
TEFLY~BREOEEVEEST AOBNRTHE
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

The blast wave was driven by

g 20001
2 without obstacle
E \‘\’4 . P —
21500} N P/’ *
3 \ ,
© \ Ve
> IS V]
c Mo Lo with obstacle
21000~ e
<]
5
-
5001
I 1 1 1
0 i 4 5._'
" tube |
gate vaive spiral wire T
Distance (m)

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

7t%u/~ﬁ§%%wEAnz&:5ﬁr
14 VFEROH20 % - ﬁ&Aﬁz&iE
Li-B8&

/

02

Fig.10 Detonability limits in H, - O,

N2z 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 | inch tube,
detonation initiated by 2H2+Oz
detonation

H2-0:-N: ROEZ SRR AES
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CoH,

Limits of flammability

| .mommmmmmuﬁﬁ‘r, _

~m Air N,

F1g 11 Limits of flammability and deton—
ability in C2 Hs—~Q2— N2 mixtures

- @ results for infinite tube
obtained by extrapolation by
wagner,Ref. 3

O detonation initiated by

explosive in 6 inch tube by
Takai,Ref 24

CoH: - 02-NoRORBEUIB SRR

BlART EOLD L DRRILZRDFRDME T SR
BRADOHEG» S, BE~BE~ERDO=ZHIHRD
BOHMRRBRAD, FUORNEERRUEELFET
HELUEE, —RCRDOZ EBHEEEINS,

m @Ciﬁ&@ﬁﬁ,ﬁﬁﬁnﬁﬁﬁ@iﬂ::

Limits of detonability

AROHBETRENS,

2) BTHOTRARZ, BEDTTLEKPTHIZEA
ERIUEILIE 2, chid, BELERER, 20
ARHE, FIZITHAPRGEEMIEALH

LUThazEitiZBALTWEbDEEDN S,

B) BRI ZBRAFFIRAMERIZ, BREEBED
BEhot2ERET THON B,
TNoDOFHEDLS, HBBEHCONT, BBEDOD

@Cvﬁﬁﬁﬁﬁhb@atwnw Z DRIEH B

Kﬁmbt SHOBET S BERAMEAFRIEIICK

STHET AL EBTED, BEPDRIT HBEER

Riz, BEBBETH 500050 %  ORIEF D

O, TNLEFATECLICL-T, BEDOR

THBERADOREFEITHE L RmOESHPD

BEOBERREARIDRIMET R ENTE 3,

SFRTChERY 3EAIIZ, kAick - T, EK

POBRT S FRAEHEET 2 & 08TE B, FRA

3, BRPOBRCO TRAZZDZ FHRATHER

(AN
SR DR C S ERA(vol. %) W

fEL, A=U-L, B=L/S, C=100—(B+0)
L BEDhOBECHTRA (vol. %), U: &k
DIRT S FBA (vol. %), S LB
( #0%E vol. %)/(@3@ vol. %)

Table 5T, &> OBEHNC DUV T, HEE AR T,

Table 5 Upper limit of detonability in air predlcted from detonabilitw~

limits in oxygen.

BREPOBISBERROUNE/N SHE L2 ﬁ*@&:ﬁimﬁﬁﬁ
Detonability limits in O | Predicted Cortrgstp'ondingth ;
D . . i, 1nitiation metho
"/Fuel . . , 1.1ppef limit and tube diameter
Lower limit | Upper limit | in air in Oy
‘Hydrogen 15.6 % 92.6 % 64.1 % |
Methane 8 2 56 11.8 2H o+ dri
Ethylene 4.1 60 159 Hz Oz» r1ver,‘
‘Propane 2.5 42.5 8.5 in 1 ineh tube
‘Propylene 2.5 50 115 :
n-Butane 2.0 38 6.8 (Ref. 1)
‘neo “Pentane 1.5 33 5.9 ‘
Hydrogen 9.0 % 95.3 % 778 % Strong driver,
‘Me thane 6.7 53 133 infinite :
‘Ethylene . 3.3 61 179 tube d1ameter
B ( Ref. 3)

il

+T RIEFELBIL £ SR TR,

~
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4 HERBONTHWBECH E
FRREDRET

PERMOATEEIC L - T, BAOHETHEIN
TR ~TERIBE AT ZADERET 5 BERRA %L Table 6
WRY, ChoDRIEFRELZ LRI LTASE,
WRELTEShIEERAMER, BIEFE, 8
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 ) , ﬁﬁhmmbﬁ<fé(ﬁz
¥50m ) , @Cvd&bfmmm chid, IRWE
hTid, BRI ZRBA ROENIE OFILERE
TRITIEN Y, KEEDIEMB T3 T3, BREK
DERICETESY, BOEBR LD LEIN
3o COWA, BORIWNIFNE, BERICKDE
A ZRDENBELLRD, BT OINOEE LT
3, RWEhTH, ERICEEBSNE, KBS
ZDHENEEL, BTHINDEBHSED > 2dDE
BEbh s,

EENEEHREZEDTOR TS BERADOH
ﬁf@,@%%ﬁ@ﬁ&bfﬁﬁ@ﬁﬁz%ﬁ%ﬁ
BRXEBFESAOONIEENH 5, TDBEAK
BONBECTHBEERAR, BRECAVWLEENS
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
BROETELICELUEAL, YO0RET 2L
F—BRBLTLEH>DT. HREOHEIEEIC

B33, B> 0ERIKZ, KRBT R EH B2—%
DOKfE, I —FEDBRIEZRE LLEEBECL T
i, WET AUES B OT, AWITEEROR
HICNERAREICT L EEKRB, ®-T, To
BEERICBI 2B HBAOWETE, BEE
TEEOER M g b LHIOKICTID, BEha
BCHOBEBRARL, — BB TcoORIEICH~TE

{155,

B HBERAOBETIE, rm—HoEdiKE
WT, —RILFEEA AR DR AR LB
L T R
&, BWEMS—ETH 5 70, RREED S OHE
B ORI ORIKIC X BREDSBVOT, BES
BOERREBICIE S, L LIEhs, EEWAS
WEEEBICL A A v F—BEIERT E2DT,
B HDIEHBRBE TR 5, #-T, %‘f%i)ﬁ(’
SNEEERICL BT AL F—BERDEL, K
BCHBERABBONDZ T LIS, TOHE
HRRFEOTANF - BRENE, MBRERR LY
RIS TIR TS BMEE T 2R RO NG, T
DT &id, BOBREASL TP, MEBED
ANMUDBAEHT ZTH, BABIZ D (Overdriven)
ORETRETS LI B EERL TN A,

BRCHRABEER, KENIKITERBRICIEE
LIS DTH 08, EEE, 8T 04ERKITE
RRHICE - TR EBEBEEBD B, T7130B;
JENEBTRBSSBAECEHD, —BEUKERT
HBEDOERBRIIBETHBENZ B,

il

5. &

BCHBRICONWTEL ORBVH D, RICEE
W75 B IRSR ORI BT S W TLEIN T &I
LT, BeERERS, cOERRERFLCHE
ZORE, BTIORDBVEEE, EELEVE
HEofii, HRT 2BHEMS 5 C & nmEEEE
KL TWBZEMEDON W T, %ﬁmwﬁ
DIRCHBRA (—oDEHLELT, %mmﬁmzﬁ
5@65#ﬁ%b75mﬁ®ﬁﬁkﬁé\E¢%5J
FBRLLS ETBE, ERBALHDILSD LS
O, BEOMEL B L ERME NS BT
N5, Lo LOVEHD, EBROERT SERD
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Table 6 Detonability lmits in fuel-air mixtures,
BE~EKEEH XOBI S BERR OAEE
Detonability Test vessel
. limits(vol.%) s as Dia. |[Length
Fuels L.L. TR Initiation method (em) (m) Ref .
27 | 35.5 Self initiation {(2)glass 40 17
oo 18.3 59 (2H2+02driver) (2.5) 18)
ycrogen 15 63.5 Explosive 30.5 12.2 2
9.0 76.5 (Strong driver) R 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 1
Acetylene 6 25 Penthrite 7g 184§ baloon 11)
4.2 50 (2H,+0, driver) (2.5) 18)
2.0 {100 Penthrite 10g 60 50 20
.3 9.1 Self initiation 8 27 8)
- Ethylene .3 14.7 CyHg+50, driver 18 15)
2.8 | 18 Penthrite 20.3g | 15 15 o)
Ethane 2.9 12.2 C4Hg+50, driver 7 18 15 .
Failed Self initiation | 60 50 21)
Ethylene-
. vyl 6 21
oxide 5.3 18 Tetryl 10g 0 501
30 Tetryl 100g 60 50 2D
Ethanol 3.25%C H, -0 : e
at 100°C 5.1 9.8 drived 10772 1.3 1.5 14)
p 8.5 Sheet explosive |1.8mx1.8mx7.6m 7)
ropylene
.5 10 C3H8+502 driver 7 ‘18 15)
Failed Self initiation 60 50 2D
3 7 Sheet explosive | 1.8mx1.8mx7.6m 7)
Propane
2.6 4 C3H8+502 driver 7 18 - 15)
2.2 S Penthrite 10g: 60 : 50 - 21)
Butane . Sheet ex91051ve 1.8mx1.8mx7.6m )
. . 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 drived 10 72 1.3 1.5 14)
n-0Octane - : :
" . 1.
at 160°C 1.45 2.85 1.3 5 14)
Hydrogen- 6.5 | 21 Penthrite 20.3g| 15 15 2)
sulfide ‘ . o8

C )

estimated.
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‘Quantifigation. e sidgularity asihg ekpextatd
and an exanuﬂein‘pursui:"trackingvtaSk'Clst?&émnh)‘
By Kiyoshi Fukaya Noborn Sugimoto, Talji Kondo

Reacarch Report of the Research Institute of Industrial Safety.
RIIS- RR

The method of quantifying the singularity of events are discussed.. The singularity
is evaluated by the ngyurprisal” which event gives to the man. The ngurprisal”

is the functibn of following three factoT;

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

(2) the degree of importance of the event tO the man

(3) the degree of urgency of the event OT emergency.

In this papar the first factor is mainly discussed. This factor is defined by
-log P, and compensating term,where pj is the subjective probability of event J
which really happens.

To confirm the theory,we tried experiment of pursuit tracking. The "gprprisal"
were caluculated and compared with the score of tracking task. An sufficient

result was obtained. (6 Figures, 2 Tables, ! Reference)
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