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Table I Details of fire-fighting foam liquids used
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Fig. 1 Schematic diagram of A-method
a: foam solution, 100mg (6% or 3%
in vol.)
1 14 glass graduated beaker

c: stirring rod (6 mmg)

d: synchronous motor (5 watt)
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Fig. 2a The mixing chamber (foam-generating chamber) of the laboratory mechanical foam generator

nozzle part of foam solution

body of mixing chamber

ring for fixing

cylinder with 8 openings for entering of
ventilating air

WO N

5: cylinder for fixing metal sieves

6: air inlet tube

7 :  metal sieves (30 meshx4)

8 : piano wire for holding metal sieves
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Fig. 2b Modified mechanical foam nozzle (F.R. 1. typé) for small scale fire test

1 : straight pipe 5:
2: 25 mesh brass sieve 6
3: conical pipe 7:
4: impinging type of jet
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Fig. 3 A transparent polyvinylchloride plate with
a finely graduated glass scale

a: finely graduated (min. scale: 0.1 mm)
glass scale
b: transparent polyvinylchloride plate

Fig. 4 Two vessels for collecting a foam sample

a: large vessel (180 mm¢ X 55 mm) made of
galvanized iron plate
b: small vessel (See Fig. 5 for the details.)

60 mesh brass sieve for filtering
inlet of foam solution
packing material (rubber or the other materials)

s
iy

50
ok
— 100 —

Fig. 5 A small vessl for collecting a foam sample
(made of brass plate)
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Fig. 6 Schematic diagram of the photomicrographic
method

(1) : used for B- and C-method

(2) : used for A-method

a : the camera (Asahiflex IIA type, Asahi Opt.
Ind. Co. Ltd.

b : photographing device manufactured by Nihon
Opt. Ind. Co. Ltd. and partially modified by
the author, in order to make a camera
possible to be inserted into the device

¢ : stereo-microscope (SMZ type, Nihon Opt. Ind.
Co.Ltd.)

d : transparent polyvinylchloride plate (See Fig.
3)

e : wooden box into whith the small vessel ({)
is inserted as shown in this figure (1)

f : the small vessel for collecting a foam sample
(See Fig. 5.)

g : foam sample

h : glass cup, 48 mm¢ x 15 mm

1 light projector
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Table 2 The classification of bubble sizes in
each foam sample

Bubble size Range of bubble size,

classified
d,, mm i mm
0.1 less than 0.14%
0.2 0.15 - 0.24
0.3 0.25 - 0.34
0.4 0.35 - 0. 44
0.5 0.45 - 0.54
0.6 0.55 - 0. 64
0.7 0.65 - 0.74
0.8 0.75 - 0. 84
0.9 0.8 - 0.94
1.0 more than 0. 95

+y About more than 90 % of those bubbles were
0.05 to 0. 14 mm in size.

3.0 B # £
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g 60
E ( 7a-4 ) Fig. 7a Bubble sizes and its distribution of a foam sample
S 40 (d50.33 (used foam liquid: I) generated by A-method
20 ZN, 150 (7a-1): 2 minutes after foam—forming
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Fig. 7b Bubble sizes and it’s distribution of a foam sample (used foam liquid: II)
generated by A-method

(7b-1):

5 minutes after form-forming

(7b-2): 10 minutes after foam—forming
(7b-3): 25 minutes after foam-forming
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Fig. 8b Bubble sizes and it’s distribution of a foam sample (foam liquid; I,
exp. ratio : 4.3) generated by B-method
(8b-1): 2 minutes after foam—forming

(8b-2): 5 minutes aftar foam-forming
(8b-3): 10 minutes after foam-forming
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Fig. Bubble sizes and it’s distribution of a foam
sample (foam liquid; II, exp. ratio: 6.7)

generated by B-method

(9a-1): 5 minutes after foam—forming
(%a-2): 10 minutes after foam-forming
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Bubble sizes and it’s distribution of a foam
sample (foam liquid; I, exp. ratio:4.7)
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Dependence of Bubble Size Distribution
of Fire-Fighting Mechanical Foam on
Foam-Generating Methods

* (Abstract)

By R. Nii

(Received 27 September 1966)

Distributions of bubble sizes of outer and inner surface of each foam sample which was
generated by employing the Blackmer vane pump and the centrifugal pump foam generating
system using several foam agents, were investigated by Chang, R. C. et al? with a
photomicrographic method. They applied to their investigation a ‘‘quick-freezing” technique
with liquid oxygen which was originated by Sovitskaya, E. M.?» to obviate the instability of
foam. However, any study about dependence of bubble size distribution of fire-fighting
mechanical foam on foam-generating methods could be scarcely ever seen.

A photomicrographic method was employed in this investigation about bubble sizes and
bubble size distribution in case of three foam-generating methods used at the author’s
laboratory as follows: (1) by stirring a definite volume of a foam solution with a stirring
rod in a glass beaker (A-method); (2) by employing the laboratory mechanical foam
generator (B-method) and : (3) by employing the mechanical foam generator for small scale
fire test (C-method)

The foam liquids used in this study were a 3 % type (Symbol: I) and a 6 % type
(Symbol: II) foam liquid for petroleum fire and a 6 % type foam liquid for water miscible
solvent fire (Symbol: II).

The details of the experimental procedures are shown in Figs. |~6 and Tables | and 2,
The details of experimental results are shown in Figs. 7a to 10.

Bubble sizes and bubble size distribution of a foam depend scarcely upon kinds of fire-
fighting foam liquids used in practice, but greatly upon the foam-generating methods.

The containing percentage of smaller bubbles to total bubbles of a foam increases, when
the time after foam-forming increases.

It was found out that a foam generated with the mechanical foam generator for small
scale fire test has the smallest one of those mean bubble sizes of foams, which were generated

with the three foam-generating methods and had almost the same expansion ratio.
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Fig. 1 Schematic diagram of the apparatus for mea-
suring surface tension (Sudgen’s method)

a; glass tube of larger diameter
glass tube of smaller diameter
thermometer

glass vessel (48¢mm x 205 mm)
sample

screw cock

P.V.C. tube

pressure difference in ethanol
stopper (P.V.C.)

constant tmperature water bath
manometer

ethanol (99.5 vol. %)
seperating funnel (200 ml)
mercury

glass cock
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Influence of Some Inorganic Salt on Foam-Forming

Ability of Anionic Surfactants
(Abstract)

By R. Nii

(Received 28 November1966)

Although forming agents of protein base have been used predominantly for extingushing
liquid fires ever since 1940, the growing shortage of the supply of natural protein and the
rapidly increasing variety of fires hard to extinguish have aroused an urgent need for the
advent of any superior synthetic foaming agent which may replace the protein based one.
Indeed, several synthetic forming agents, recently introduced into the field of fire engineering,
are finding successful uses against a variety of extinguishing objects.

In view of the above-mentioned trend, the present study was made to examine the foam-
forming ability of two representative anionic surfactants, SDS (sodium dodecylsulfate) and
SDBS (sodium n—dodecylbenzene—sulfonate), with peculiar regard paid to the influence of the
presence of some inorganic salt, as a fundamental assessment of the compatibility of these
surfactant-air-foams with dry chemical extinguishing agents. The foam-generating method
employed in this study is almost the same as that reported in 1963 by the author?®.

In the first place of the study, the foam—forming abilities, here represented by the 25 %
drainage time and the expansion ratio, of the water solutions of SDS and SDBS were examined
in relation to their concentrations, ranging from 0.05 to 2.0 wt. %.

In the next place, with additions of any of several inorganic salts, which make principal
ingredients of dry chemical extinguishing agents, to the water solutions of SDS and SDBS,
having a definite concentration of 0.2 wt. 25, the foam—forming abilities of the mixtures were
examined in relation to the additives up to 20g in 100 ml of the solution.

Further, on the basis of the fact that sea water is occasionally used in fire extinguishing
practice, attempts were made to examine the foam—forming ability of SDS and SDBS when
dissolved in synthetic sea water Actually, however, the ability was examined only for SDS,
because SDBS was found insoluble in such water.

Finally, with a view to exploring if the foam—forming ability might be related with some
physical properties, such as surface tension and viscosity, measurements of the latter two
quantities were made of every solution, with and without the additives, subjected to the
foregoing examinations. The viscosity (in exact sense, the apparent viscosity) was measured
by a Brookfield-type viscometer (60 r.p.m. with the rotor No. 1) and the surface tension
by Sudgen’s method® (maximum bubble pressure method; see Fig. 1). For the latter
measurement, the insoluble additives had been filtered out by the aid of filter paper. The
temperatures of the specimens during these measurements were held at 20.0 + 0.5°C.

The results of all the above-mentioned experiments are shown in Figs. 2 to 8.

Conclusions obtained through the scrutiny of these results are as follows:



As the concentration of water solution of SDS or SDBS is increased up to about 10 or 50
times the critical micelle concentration for SDS or SDBS, respectively, the stability of the
produced foam is also increased.  Accordingly, such an increase in concentration of the
surfactant will make it possible to prevent, to som extent, the lowering of both the foaming
power (expansion ratio) and the the stability with the increase in the amount of the inorganic
salt added to the solution.

The surfactant which can be used with sea water as the solvent is SDS.

The foaming power of the solution, with and without the presence of the inorganic salt,
can be correlated closely with its surface tension. When the surface tension is less than
about 50 dyne/cm, the foaming power holds almost constant, whereas it decreases remarkably
when the surface tension exceeds about 60 dyne/cm.

With a stable foam, which gives rise to very little bubble-breakdown for prolonged lapse
of time, the 25 % drainge time is proportional to the viscosity of the solution, with possible
inclusion of solid additives, to compose the bubble membrane.

The bubble-breakdown of a foam may be related with the strength of the bubble membrane,
which, in turn, may be dependent upon the chemical structure of the foaming agent and its
effective concentration (including addition of some reagent), provided that the bubble diameter
and the thickness of the membrane are constant. The bubble-breakdown may also be related

with a wetting effect of the inorganic salt of solid state on the bubble membrane.
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Report of Fire Research Institute of Japan No. 28 (1967)

An Experimental Fire of Wooden House

(Abstrract)

(Received 17 January 1967)

An experiment on the behavior of fire of wooden house was carried out by members of
Fire Research Institute on October 6, 1966 in the Insthitute yard. The house used for this
experiment was a typical one-storied small wooden house of Japanese style having a floor of
44 m?, within which were placed various kinds of furnitures which are common to our daily
living. Fire was caused by the over-heat of an electric foot-warmer, ‘Kkotatsu”, which is
widely used in our country. The temperature, the concentrations of fire gases and the smoke
density for various points within the house were measured continuously during the progress
of fire. The results of these measurements are given in Figs. 3 to 6 and 8 to 14 with
detailed records of fire progress.

A salient feature of this fire was that the period of smouldering was fairly long and it
took about one hour from the very initiation of experiment until the “flash-over” took place.

A few tests on automatic fire detectors were also made during this fire experiment.
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