T

-, L . > . . _
o ren - . - O
A R R ff\f,{!q % i Pe ) . ’
3 ¥ [A . . TN
H [ B Eaoee b7 1% a , kY L N
. nn W ;

ey
P
. -
goTE
e
=
27
B
o,
5
our.e e
o
| Lot
F
¥
o)

[
Ei e ey - |
£33
o
A
e
P et
Ty
Y
x
[ ]
\
")
'\
-

di v o g :

vt :.‘" " r"
‘ Aaaree.Hazq . o
, EGJUN. ‘iuuj
N P R. liote Ifo. 239/1956
Research Programme
Objective ClL/1

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH AND ¥IRE CFFPICES' COMLITIRE
JOIT FIRE RESEARCH ORGANIZATION '

This report has not been published and
‘ should be considered as confidential advance
' information, No reflerence should be made to
it in any publication without the written
consent of the Director of Fire Rssesarch,
(Telephone: ELStree 1341 and 1797).

i 1

- THE EXTINCTION OF FEA@EDBLE LIQUID FIRES BY LRY CHEMICAL
EXTINGUISHING AGENTS - I, THE EFFECT OF PARTICLE SIZE

by

D. Hird and M, J. Gregsten
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It is shown in this report that the efficiency of a dry chemical
extinguishing agent with a sodium bicarbonate base depends largely on
its specific surface, Chemicals intended for use as extinguishing
agents should be ground as fine as possible, commensurate with
maintaining good flow properties,
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THE EXTTHCTION OF iLAMMABLE, LIQUID FIRES BY IRY CHEICAL
FXTINGUISHING AGENTS - I. THE EFFEC? OF PARTICLE SIZE

by
D, Hird and ¥, J. Gregsten

Irntreduction’
e

Congiderable research into the use of fine powdered chemicals for
the suppression of methane/air ignition, and of dust explosions, has
ean th&ffu&Pn during the last thirty years. As long ago as 1934,

L jalonan ) established an approximately linear relatlonshlp between
the speeiflic surfoce of some fine powders and thoi efflciency as flame
urpﬁeqacr;, More recently, Dolan and Dempster (2 have conf'irmed this
reszult in iheir work on the suppression of methane/cir ignition, and
they expresupd extinction limits in terms of square centimetres of
powder surface per litre of gas,: )

~:In view of this work it was thought that particle size might have
a4 similar efféct on the eff iciency of extinction of flammable liquid
fires by dry chemicals and this was 1nvest1gated as likely to be of
1mmed1atc importance, ‘

Since the majority of commercial dry chemicals at present in use
consist almost entirely of sodium bicarbonate, most of the investigations
. to'be described were made with this material, - Purthsr work 18 in progress,

however, in which other materlals are being exanlned :

Experlmental

A measure of the efficlency of any extinguishing agent is given
by the minimunm rate of application and the ainimum amount of agent
required o extinguish a fire of a given size, These.were weasured ..
"by applying dry chemicals to a fire et various rates of appllcutlon
and recordlng the extinction time for each rate,

The chemicals used in the tests were "Ebwder A, a. commer01al dry
chenical having a specific surface of about 4000 cm /gm "Povider B"
another commercial chemicel having a specific surface of about -
1303 am?/gm; “Powder C", sodiunm bicarbonate, not-specifically sold as
- an cﬁu¢ngu15h1ng agent, but including a flow additive; and having a
specific surface of about 1250 cmz/g1 and "Powder D", sodium chlorlde?
with a2 flow “ddltlve hav1ng a specific surface of about 2300 em /gn
The sgpecific s rfaces of the chemicals were measured by the method of
Lea and ifurse’ 55; each-value being the mean of from 5-10 determinations,

‘The chemicals were expelled from a commercial extinguisher at a
maintained pressure of 75 1lb/sq.in., by using an external source of
carbon dioxide and 2 reducing velve, instead of the nomal carbon dioxide
cartridge. Ten feet of % in, bore hose connected the extinguisher with &«
spring-locded shut-off valve into the end of which was screwed the
discharge nozzle, A flat sproy nozzle, shown in tests to be described
elsewhere to be most suitable for flres similar to the test flre was
used throughout the 1nvest1gat10n

The mass rata of discherge vas varied (&) by using flat spray
nozzles of different slit widths, and (b) by incorporating fibre
washers between the extlngulshﬁr body end the delivery hose to resirict
the flow of dry chemical,

The test fire consisted of 1% in, of burning petrol contoined 1n
o tray 3 ft, squore and 4 in, deep, A preburn of one minute wes
allowed in each test, .and the tests were conducted in a large steel
shed to minimize the effect of wind. : '
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Experimental procedure

The extinguisher was filled with dry chemicel, weighed together
with the delivery hose and nozzle, and commected to the cylinder of
carbon dioxide, Carbon dioxide wes admitted to the extinguisher until
the operating pressure of 75'1b/sq.in. was reached, The fire was
lighted, and at the end of the preburn period, dry chemical was
discharged onto the fire, and the extinction time was recorded, The
extinguisher was then wnlghed “ggln after expelling the residual carbon

dioxide, to determine the amount of dry chemical used.

Tasts vere mede at various rates of application until the "critical
rate!’ Tor each of the four chemicals described above had been established,
"Critical rete of application" is here defined as that rate below which
extinction is unlikely. The fire was always of the same type and the
same, experienced operator was employed in every test,

Results and discussion

Figures 1 and 2 show how the extinction time and the mass of dry
chemical used depend on the mass rate of application of each of the
three grades of sodium bicarbonate, Tigure 3 shows extinction time as
a function of rate of application in terms of surface area of all the
. chemicals tested,

It is seen that for a given mass rate of application both extinction
tine and mass of chemical required increase as specific surface decreases -
"that is, with increasing particle size. This is particularly marked at
low rates of application, Migure 1 shows, further, that the critical mass
rate of application increases with decreasing Sp&Cl;lC surface, On the
other hand, when rate of application is expressed in terms of surface
area of chemical, as in Figure 3, all three grades of sodium bicarbonate
approximate more nearly to a single curve, and the 11m1t1ng ;actor is the
guxiace area of chemical exposed to the flre

In considering the possible mechanism by which dry chemicals
extinguish flames, the concentration of powder in the flames is clearly
of importance, There is unlikely to be a2 simple relation between the
rate of discharge from the nozzle and the concentration in the flame,
which is likely to be affected by many factors, such as the velocity of
the powder, which will be dependent on the mass rate of flow, and the
" dispersion, which may vary with particle size, No atiewmpt was made in
these experiments to determine this concentration and for this reason
it is considered unwise to draw any firm conclusions from the results,

. a8 to the mechanism of extinction, It is interesting to note that
sodium chloride has a similar efficiency to sodium bicarbonate but it
is too-early yst to advance any explanations for this,

Conclusions .

It has besn shown that the extinction efficiency on flarmable
liquid fires of the dry chemicals examined depends to a large extent
on the surface area of the chemical iresented to the flamés, To
extinguish a given fire, the higher the specifiic surface of the
chemical the lower the rate of application, and the smaller the

quantity required, Dry chemical extinguishing agents should there fore
.- be ground as finely as possible consistent with maintaining good f low
.-+ characteristics, '
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