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. Since our last contribution to this subject (1) a considerable impulse
has been given, especially in.the United States, to the Study of flame extinc-
tion, inhibition and related phenomena and an important effort has been made
to coordinate investigations carried out in this field, to promote further re-
search and to bring to the knowledge of workers throughout the world all possie-
tle information on the topice. ' '

The existence of an extensive and exhaustive Survey Report on the &ction
of Flame Extinguishing Agents by R. FRIEDMAN and J.B. LEVY (2) together with the
re§ular publication by the Fire Research Committee under the Sponsorship of the
Mational{Research Abstracts and Reviews (3) will authorize us to cut short any
historical development on this subject and refer the reader in search of such
information to references Z and 3. )
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Experimentals

411 our experiments were carried out on the mixture CHy +2 Op whose
detonation velocity is well determinhed and of the order of 2300 m/é. “Whereas pre-
vious investigations had been carried cut with various mixture concentrations
and in some cases with hydrocarbons other than methane we have this time exten-
gively studied the behaviour of stoechiometric methane oxygen mixture at atmos—
pheric pressure, The lay out of the apparatus allows for mixtures to be made out
under constant volume in a mixing vessel where each constituent is introduced
under its own partial pressure. dethane used is pure grade 99% and is dessicated
before admissione Oxygen is delivered from commercial cylinders and is also trea-
ted by phosphorus pentoxides The new and interesting part of the apparatus
consists of the detonation tube and this will be described in some details

The detonation tube is made of perspex, sheathed by a: plastic vinyl
tubinge This device has proved effective in the sense that the .tube is not shat-
tered to pieces as was the case with glass tubesj reproducible and well defined
donditions prevail at each experimentes The tube itself consists of two parts
separated by a specially built slide valve which is mechanically triggered open

‘synchronously with the ignition device. The tube is vertical with an inside dia-

meter of 16 mm. The top part is 40 cm long and the bottom part 200 cme The igni-
tion is started at the bottom by a small detonator and the detonation travels
upwarde ’ )

The slide valve (figures 1 and Z) consists mainly of a thin glucinium
bronze blade 3/10 th of a mm thick which either shuts the cormunication between
the two tubes or instantaneously sets the complete aperture open. The shutter
mechanism has a certain number of advantages mainly in the sense that being
extremely thin the sudden opening of the slide introduces as little as possible
perturbation to the mixture contained in the tube, also that the aperture of the




valve beéing exactly the tube diameter it therefore does not introduce any diame=
ter variztion at its passage, thirdly that it has been possible to use this de-
vice to introduce the pulverised material into' the mixture by setting the wei-
ghed sample on the slide prior to any other step in the experiment then allowing
the two parts of the tube to be first evacuated (the slide valve being vaccunm
tight through the use of 0O rings) then filled with the combustible mixture at
the same pressure. In triggering the valve open and in setting the ignition
started, the powder is set,tf free to fall and disperse facing the detonation
front travelling upward towards it. : '

The luminocus Phenomenon- is recorded by the classical rotating crum.-
camera on @ Kodak Trjx film and different recordings are given in figures 3 to
1Z. In particular it can be seen in figure 3 which relates to the detonation of
CHgq +2 Oz mixture with no powder at all that important fundamental conditions
are met with, namely that the detonation is well established and stable throu-
ghout the propagation and also that the slide valve which has been set open at
the ignition instant has not introduced any perturbatione

The pulverised substance studied has been potassium bitartrate which had
previously proved to be a. good inhibitor and which has the advantage of being
easily prepared in fine fractions and of not being too hygroscopics Silica was
also investigated in some cases in order to confirm previous results obtained
with it and also to draw a parallel between the two samples. :

The sample is first crushed mechanically and then sieved dowm to a frac-
tion passing through 450 mesh. This fraction is further reduced by passing
through a Roller Air Elutriatér and Two fractions can be obtained in this way, .
one with an average diameter < 104 and another with an average diameter
{20[- e In each case the specific surface area has been measured by the Rigden
air permeability methode .

A relay, conveniently energised, is able to introduce a delay between
the opening of the valve and the ignition of the mixture. This enables the ope-
rator either to obtain a simultaneous ignition and opening of the shutter set-
ting the powder falling, or on the contrary to start the powder falling a few
fractions of a second prior to ignitions - .

In acting in this way on the delay between the opening of the valve
and the ignition one in facts acts upon the dispersion of the sample which if
of course better dispersed if the delay is longer. In this way a powder {potas~
. sium bitartrate) of average particle size ( 104- is likely to disperse from
-0 to 68 cm when the delay introduced varies frofa O to 0,6 sec,

Table I summarizes the results obtained with such a sample where r
(average radius) is < 10 = < 3,25 + and where S is the specific surface
area of the sample in cm®/g 5 in this case & = 4680 cm?/g »
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IASLE T

t o 0,15 0,2 0,3 0,4 0,48 0,5 0,6
f m <015 3510 A . 180 ISZQ - i599 1640 1970 :
P n 102 0 255 3,43 5,33 6,70 8,07 5% 10,0
> 9430 2390 3160 4910 6180 7440 7580 220
f h - 10 . 14 24 _ 3? ‘51 » 54 58
G - 119 1z 10 88 0B ! 68
:i - 1,29 1,22 1,10 6,51 0,787 0,77 0,72 .
m is the exflngu1sr15g mass, expressed in mg, i. e. the mlnlm,n welent of material

to obtain the complete quenching of a detonaulon,
h is the height in ecm attained by the falling powder.
-01s the total extinguishing surface area in c2 , i. €. m. Se

- is the aQerage extinguishing density expressed in surface of the powder
cm"‘/cm3 by voluae unit of the cloud at the-extinction point.

=.i§5 » (7 = volume of the dust cloud = h x area of the croos=section of
! the tube).
This table shows a certain number of characteristic features:

1. The minimum quantity in weight necessary for extinction is that obtained

with a delay of 0,15 sec, that is after the cloud has dispersed 10 cm dovmwards; if

the delay is longer, the powder is more and more dispersed and the quantity necessary
for extinction increases. & minimum dispersion is therefore necessary and is nore

ffective than none, ‘Jhen cispersion increases over this critical value tihen the
cen51t/ of the cloud becomes smaller and a la‘ger quantity becomes necessary to ob-
tain the same effect.

2. Sxcept in the case where t =0, i. e. No uwsoe;5101, there seems to be
a rekation of the form:

m=k t

between the extinguishing mass and the delay. -




.

The larger particles togéther with the smaller ones fall with respective
velocities v and v* which are rapidly attained, the height of dispersion of
the falling cloud being.

h = (V-V')t

k
Vv -yt

‘= cte - '

"Therefore the minimum extinguishing density would be gonstant.

Tnis nas led us to photograph the falling of the sample by recording the.
diffracted light along a slit parallel to the tube. Such a photocraph is shown in
figures 13 and 14.

Using the values of h ve have calculated the average extinguishing
densities. per unit volume of combustible mixture expressed in number of millimoles
Y per ¢¢ n being the total number of pillimoles of pgowder contained in the tube,

3. The density (= decreases rapidly when t increases, reachihg however a
limit value.

Table II shows the experimental data obtained with a toarser sample,
< 20 } the average cdiameter in this case is 8,4 , the specific area 5 is
182C emé/g. : .

TADLE II
t 0 Q,15 [eR-2 0,3 0,4 0,48 0,5 0,6

P o [ 2000 100 | 1100 | 1370 | 200 | 275 2550 §4c<;o :
i 10,2 5,08 | 538 | 7,97 | 107 | 13,8 | 1,0 {203 .
5| 3640 120 | 200c | zes0 | 30 ass0 | 370 | mEO
;o - 4 14,5 | 28 38 50 53 7
s - 5,4 | 68,6 5,8 | 30,0 49,4 50,4 | 36,3 .
3 - 2,11 | 1,91 | 1,22 | 1,40 1,38 L4l | 1,40 r

These results show that the limit value of the density is attained with
3 sec. Comparing Tatles I and II one can see that = increases when h is
ed, ¢ howewer decreases and tends towards a limit which is mere rapidly
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reached with a coarser particle than with a fine one.

Table III concerns a sample passing a 450 mesh without further reduction.
The average radiusg is r 2 10) and the specific surface area is 1570 cm‘/g

TAZLE
t ) 0,13 0,2 0,3 0,4 0,48 0,5 0,6
: b T T » :
. oo 3045 1460 | 2875 | 3400 | 440 47T | 4825  |5440
toon 15,4 7,41 | 14,6 17,3 | 21,5 24,2 24,5 27,6 ¢
i & |40 | 200 | 410 | 5360 | 6660 7500 ™8 |40
: h - 13,5 25 ag,5 {70 | 19 80 %0
P S - 84,4 | T4 33,7 | 47,3 47,2 47,1 47,2
3 - 2,73 2430 1,74 | 1,53 1,32 1,52 1,53 ¢
Compared w7ith Takle I1I this sanple which:is'coarser than sample II shows

an increase in m, minimum quantity necessary for extinction,
height is also creater, G and ¥ decrease when ¢
teing reached as early as 0,3 sec.

h . the dispersion
increases, the limit values

Table IV smmnafizes the results obtained vith silica,.passihg a 450 mesh,

the specific area being 5 = 6,11 /g

TABLE IV

L=
t 0 0,15 Cz G,6

: m 2235 2155 %0 230 .
. Zp2 13,7 13,2 17,8 19,9 :
. i . . .
: h - - ‘ - . 100 :
: G o> ' , . :
0 Plee | - - - 1990 .

in crder to compare theexperimental data obtained we have calculated the
limit velocity of the dust particles, assuming each particle to be spherical and
f31ling independantly. This has led us, for a delay of 0,6 se¢, that is for the-
greater possible dispersion to a value of
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in order to attain a point situated 1 m below the shutter in 0,6 sec. The powder
therefore forms clusters of an average radius of 83 microns.

- Discussion:

A certain number of useful corments can be made by the careful observa=-
tion of the photographic recordings.

Figure 3: showsa detonation free of powder passing through the slide valve
Black space at the upper part) without any disturbance. The interval between. ..
two black marks at the top represents 1C cm. . .

Ficure 4: shows a detonation with 2000 mg of potassium bitartrate {10}- - no
delay between the opening of the shutter and the ignition. Practically all the
powder is still at the level of the slide valve when the detonation front reaches
it, an attenuation of the velocity is: apparent passed the valve before the detona=—
“tion carries on its way.

Figure 5 : Same conditions with 2C15 mg‘insteéd of 2000 mg. Extinction is pfactiQ
cally obtained at the valve, a small flame is seen to propagate at a reduced velo—
city after the passage of the valve. : . o T

Eigure 6 Delay 0,3 sec between cpeninfy the shutter and ignition, m = 1040 mg; the
luminous part of the recording immediately before the slide valve coincides with
the position of the dust front as measured by the diffracted light method (figsl4).
This is immediately followed by a dark zone where the velocity is seen to be redu-
ced. The quantity m being less.than that necessary for extinction the wave passes
through the shutter and is seen to propagate at the upper part of the tube with a
reduced velocity before the detonation is reformed.

Ficure 7 shows the same phenomena, 10 mg over the 1C40 mg used in figure 6, extine=—
tion is obtained. The same luminosity and velocity reduction as in figure 6 are
observed. :

Eigures 8, G and 10 are a series with a delay of 0,4 sec where the luminosity is
seen to appear earlier in the recording {the delay being longer the powder has
travelled further) the same velocity reduction is observed before extinction is
obtained (fig. 10).

Eigure 11 concerns a still longer delay (0,5 sec) ‘the luminqsity,sfarf§ éarlier.

Elcgure 12 . concerns silica, 2150 mg, 0,2 sec. This recording is interesting in the
sense that two re-ignitions are observed none of them leading to the reformation of
& true detonation before the end of the tube is reached.

Eiqures 13 and 14 are relevant to powder samples falling along the tube (diffracted
light photographs) each black interval is 10 cm distant from the next one. Figure 13
has, been obtained with a delay of 0,6 with potassium bitartrate < 450k . The density
of the cloud appears to be maximum towards the centre. Figure 14 is for a delay.of
CG,3 s , the powder has reached 50 ¢m, the distribution is better than in figure 13.

38,

PR S

e e -



Loy

fee e w

Conclusion:

The general conclusions that can be drawn from the observation of the
data presented are the following.

l. Extinction always preceeds through the -same reproducible film of
events. A.reduction of velocity is always cbserved after the wave has travelled
for some length through the dust cloud. During this propagation a strong excita-
tion of the luminosity zs observed. This is immediately followed by an important
reduction in luminosity {probably due to the cooling effect). According to
whether the dust quantity is sufficient or not to produce extinction the wave
wiill either proceed with a reduced velocity gnd reform. a detonation further along

the tube or proceed as an unstable deflagration or else become completely extin-
guished.

These events are perfectly reproducible and the inhibition mechanism. is

one of dissociation of the combustion ard detonation waves, the effect being to
reduce the flame velocity either operating as an important heat sink, reducing the
temperature or by Ry other mechanism such as & chain breaking one (4), to the
point where the flame cannot reaccelerate enough to reform the detonation.

Ze The effect of dispersion shows that a mznimum dispersion is necessary
to obtain minimum quantities of material. In the case of our experiments a time
lag of C,15 sec has proved to be optimum. This corresponds to a helght of dzsper-

sion of lC cn below the slide valve,

Table 1 11 and 1III show that the ratio - —zv— ¢ the average extin-

guishing density G cﬁz/ cm®  tends towards a limit value, more or less rapidly
attained according .to the average particle size.

3. The fine particles remain nearest the slide vaive while the coarser
ones fall more rapidly. Extinction is only obtained if propagation through the
cloud can reach the fine portion of the sample.

4, Potassium bitartrate is definitely a better inhibitor than silica
with which too large quantities are necessary to be significant.

e have in this work endeavoured to obtain definite exnerzmental
conditions and reproducible resultse. In studying one sole mixture (Stoechiometric
methane oxygen) and in extensively examining the behaviour of one sole inhibitor
{namely potassium bitartrate) we have willingly limited this paper to the influ-
ence of dispersion on the extinguishing phenomenon. Other factors will be studied
systematically in the near future.

The authors' thanks are due to R. FGULATIZR, Collaborateur technigue
au CNRS, for his help and 1nged%51ty in building the slide valve and other parts
of the equipment used.
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