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~ Table 1  Calculated value of n obtained
<
E 4} E from the experiments
& °
s L% © ] Gt wr | owF | Eer | HOY |cocl,
» o] 0
€ o L _ o ° %
3 |8 °‘°3> o ‘ . %, | Elec | Titra- | Elec- | Titra- |Weigh-
S 50 700 150 200 250 Halon trode | tion | trode tion | ing
(Cq or Cel2)XtXNumber of Cups used
1301 0.884 | 0.842| 0.046 - -
Fig. 8. Relation between (Cs or Ce/2) x te x number 1211 0.849 | 0.867 | 0.073 | 0.225 -
of cups and volume of HBr produced. 2402 2.198 | 2.649| 0.148 - -
1011 - — | 0.076 | 0.486 [ 0.016
3.3 U-nfl 122 1.327 | 1.293 - 1112 -
. . . " 104 - _ _
3.2 1T~ LS IZ LT, M0R, DA, (2skiz k0 2.942 10.057
ERBEAHERL, oM/ ARERBEIHET LD
Table 2 Halon 1301 decomposition produced by n-heptane fires3). 1695 cu. ft. enclosure volume
4% halon 1301 concentration (vol.).
. Halon 1301 Decomposition
Test Fie Pan | Prebum | “piccharge | FISMEEXL | proqucts, PPM by || Calculated Value of
No. Sq. Ft. Seconds S;,rclg:fd’s Seconds Volume in Air
HF HBr HF HBr
1 0.1 0 23.0 11.5 1.8 3.5 0.402 0.784
2 0.1 30 23.0 15.4 1.3 29 0.163 0.361
3 0.1 0 13.5 7.6 0.9 1.6 0.270 0.481
4 0.1 30 13.5 7.1 1.8 2.1 0.620 0.723
S 0.1 0 5.7 4.0 <0.1 29 0.046 1.290
6 0.1 30 5.7 48 1.4 2.8 0.445 0.890
7 1.0 0 23.0 36.8 108. 12. 0.189 0.021
TA 1.0 0 23.0 20.0 81. 13. 0.300 0.048
8 1.0 30 23.0 245 230. 59. 0.607 0.155
8A 1.0 30 23.0 214 230. 44, 0.794 0.143
9 1.0 0 13.5 13.5 79. 20 0.377 0.096
9A 1.0 0 13.5 12.7 46. 18. 0.247 0.098
10 1.0 30 13.5 12.6 243, 41. 1.332 0.225
10A 1.0 30 13.5 11.5 211 19. 1.389 0.126
10B 1.0 30 13.5 11.8 183, 19. 1.111 0.116
11 1.0 0 5.7 5.8 12.8 4.4 0.143 0.049
11A 1.0 0 5.7 4.7 8.4 2.8 0.141 0.046
12 1.0 30 5.7 53 122. 18. 0.958 0.141
12A 1.0 30 5.7 6.7 151. 18. 0.872 0.104
13 10.0 0 25.0 21.6 1,664. 588. 0.346 0.123
13A 10.0 0 25.0 20.0 1,907. 397. 0.461 0.096
14 10.0 0 15.0 13.0 1,101. 191. 0.378 0.066
14A 10.0 0 15.0 16.3 1,208. 382. 0.287 0.091
15 10.0 0 6.0 10.0 666. 112, 0.258 0.043
15A 10.0 0 6.0 5.2 320. 38. 0.276 0.033
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products which will be formed in the process of
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enclosure of 50 m?® by means of local application
of halons using extinguishers.

Design Decomposition product Weight Decomposition product
Halon Con- Halon Hal of agent
used c?il;;a- HF | HCI | HBr | COCl1, o Te- 4 - :dn used till
aine extinguish- | HF | \HC! | HBr | COCl
(%) (pm) | pm)| ppm)| (pm) | (ppm) ment (2) | (ppm)| (ppm) | (ppm) | (pPM)
1301 5 350 - 20 - 49600 1301 340 950 - 50 -
1211 5 350 | 60 30 - 49600 1211 380 950 | 170 80 -
2402 3.8 750 - 50 - 37700 2402 440 2000 - 120 -
1011 6.4 - | 200 | 40 i0 63500 1011 380 - 580 110 20
5. HEHha
AL B E DL ONFEIMHEN TE BIT Sk,

HENLL k> Twiz, L LERICEEED L DN
HRansy, BUETomhiaMAh»REINER
ENELE, InEL oy btz EniongEd
DIz KRBICERT DMV AERETLII LR

IIZTIRAKOBEIUC L > TRET IV ANELH#
ETELHEERRLEZDOT, Zhick»> THERECT
BANLIBEELRITONEL :LNZEBE2LELLAOT
»H2d,

_64



51 B X ®

) BESESHE D "OHL¥EE, P40 ¥ 3) J. A Floria ! Du Pont Tech. Rep. KSS—70
2) ISR MR EES6E P 7 (Mar, 54 (Jan. 4, 1971)
1973)



Report of Fire Research Institute of Japan No.38 (1974)

Halogenated Poisonous Gases Produced from the
Thermal Decomposition of Halons Applied to Fire

(Abstract)

S. Yamashika, R. Hosokai, T. Morikawa
(Received May 16, 1974)

When a halogenated extinguishing agent is applied to fire, it is known that poisonous
halogen-containing gases is generated from its contact with the flames. The concentration of those
gases generated in burning room varies depends upon the ratio of fire scale to room one, the
discharge rate of extinguishing agent, etc.

The present sutdy was done by the authors about the generation of hydrogen halides and
carbonyl halides when each of halons, i.e. halon 104, halon 122, halon 1011, halon 2402, halon
1211, or halon 1301, is applied to some fires in the closed space in different discharge rate under
various burning conditions.

It was found out from the experimental results that most of the halogens, especially florine,
contained in the extinguishing agent changed to hydrogen halides as the agent decomposes by
contacting with flames. Carbonyl halides were also generated from the decomposition of halons
except fluorine-containing ones. The amount or concentration of the halogenated poisonous gases
to be generated in the practical fire scale was estimated on the basis of the present experimental
results.
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Report of Fire Research Institute of Japan No.38 (1974)

Entrained Air in Water Sprays

Atsushi Nakakuki

(Received June 6, 1974)

1. Introduction

When a spray is discharged, the spray drop is decelerated by the resistance of the ambient air
and air is entrained into the spray by the transfer of momentum. The entrainment of air gives very
large effects on spray properties, but has not been concerned so much by any worker. On account
of very complex phenomena, theoretical analyses on the entrained air have been made '™* only for
special types of nozzles. Here, properties of entrained air which have large effects on extinction of
fires are discussed.

Extinction tests of liquid fuel fires with water sprays have been carried out by many
workers.>"1% In this study, new relations between the entrained air and extinction of liquid fuel

fires were found.

2. Properties of Entrained Air

A few properties of the entrained air in the spray were investigated. Some spray properties of
nozzles used in this experiment are shown in Table 1.
Table 1 Spray Properties of Nozzles

Number Nozzle Flow d* q** ukx*
Type of Nozzle | Diameter of pressure rate m xc
nozzle No. (mm) holes (kg/cm?) | (*/min) {mm) (g/cm?s) (m/s)
5 . . X .
Swirl 20 27 1 1.5 0.52 0.012 2.3
9 10 0.44 0.018 3.0
Swirl with 3 8.0 I 5 54 1.3 0.018 6.0
a hole in 9 69 1.1 0.041 9.2
center of 5 4
swirl 8 6.5 1 52 0.047 6.0
plate 9 67 0.096 10
15 2.0 18 5 79 0.51 0.043 3.9
Imping 9 105 0.42 0.115 6.0
Impinging 5 2
jet 16 1.0 12 b 0.3 0.021 2.6
9 20.5 0.28 0.027 3.5
* d, : Sauter mean diameter

* %k

*kk

. Flow rate of water spray per unit area of the vessel 30 cm in diameter which is set rightly
below the nozzle

: Entrained air velocity at the spray axis.

dm, q and ux. were measured at 2.4m below the nozzle.
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2.1 Entrainment of Air

The velocity and direction of the air induced into the water spray injected horizontally on the
same horizontal plane as nozzle axis were measured and are shown in Fig.1. The wind velocity in
the vicinity of the nozzle is very large and decreases with the distance from the nozzle. It is seen
that the air is induced to the direction of spray axis.

The entrained air in the water spray injected vertically downwards was induced into the tube
bend, and its velocity was measured with a pitot tube or an anemometer.1®-11 Fig.2 shows some
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Fig 1 Velocity and direction of induced air on the Fig. 2 Distributions of flow rate of sprays per unit
horizontal plane which includes nozzle axis. sectional area (a) and entrained air velocity in
Nozzle: No.3; nozzle pressure: 9 kg/cm?. water sprays (b) at 2.4 m below the nozzle

plotted against horizontal distances from the
spray axis. Nozzle: No.3.
examples of the patterns of entrained air velocity and flow rate of the spray per unit sectional area
10 .l 1 The
contraction of the spray at the downward stream increased with increase of nozzle pressure as

for nozzle No.3 at 2.4 m below the nozzle. These patterns vary with the type of nozzle.

shown in Fig.2(a). For this, following two causes can be considered: the transfer of drop to the
spray axis by the entrained air becomes easier and the position where the drop commences to
deviate from its initial direction of motion becomes higher due to decrease of drop size."© Under
the assumptions that the drop size d,, is expressed by the nozzle pressure pin the form 13 d,, «
p °-3, the loci of the drops which are injected to the circumference of the spray were calculated
for various nozzle pressures from Egs.2 and 3 of Reference 12, and it was known from the

calculation that the contraction of the spray at the downward stream is little varied with the



nozzle pressure. Therefore, it is seen that the effect of entrained air on the contraction of the
spray is dominant. The entrained air velocity is a maximum at the spray axis and increases with the
nozzle pressure as shown in Fig.2(b).

The entrainment of air is a very complex phenomenon, and so must be analysed by a very
simplified model. It is assumed here that the drop size is homogeneous and the spacial density of
drop is equal everywhere in the spray. The momentum for all normal sections must be constant.
Then, for the spray of very small spray angle, approximately,

pQvo = pQv + | p,u* 2ur dr (1)

where ( is the total flow rate of the spray, v is the drop velocity, v. is the initial drop velocity, u
is the entrained air velocity, p. is the density of air, p is the density of water, and r is the
horizontal distance from the spray axis. In the range of Reynolds number larger than 500, the
velocity of the drop injected vertically downwards is given by !¢

v = 0y [Vexp(kt) + 1]/[Vexp(kt) —1] @

where v, is the terminal velocity, and k, v, and ¥ are obtained by

k = [3Cgpa(p - pa)/dp2] 12
v = [4p — p,)dg/3c p,]'?
V= (o t 2)/(vo — 1)

where ¢ is the drag coefficient, d is the drop diameter, and g is the acceleration of gravity. If it is
assumed that the spray cone angle is small and the drop motion is not affected so much by the
entrained air, the drop velocity can be approximately calculated from Eq.2. Since the entrained air
velocity decreases with the vertical downward distance from the nozzle perhaps due to diffusion,
let us assume that the downward entrained air velocity is given by

u = ug exp(— Kx — r?/20?) 3)

where u, is the entrained air velocity at the nozzle, x is the vertical distance from the nozzle, XK is
the constant, and o, is the root mean square deviation. o, is obtained by substituting Eq.3 into

Eq.1 as follows.

o = [pQvo — )7 p,]* exp(Kx)/uo @

The values of o, are calculated from Eqs.2 and 4, and shown in Fig.3. From Fig.3, it is seen that

o, for circular single hole nozzles* of small diameters 0.2 — 0.7 mm is the smallest and o,

obtained in the present experiment also tends to become smaller at large x than that for air jet.’ ®

The value of o, and the rate of increase of o, with the distance from the nozzle determine the
—12—
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radial distribution of entrained air velocity and the range of drop, and give a large influence on the
extinction of fires, especially, that of liquid fuel fires in which the effect of blow-off is dominant
as will be mentioned afterwards. The values of g, for sprays produced from nozzles No.15, 16 and
20 are approximately equal and larger than those for sprays from nozzles No.3 and 8.

2.2 Fluctuation of Entrained Air Velocity

The entrained air velocity is known to fluctuate? unless the induced air flow is stratified by an
apparatus as the wind tunnel. Therefore, the mean value is taken for the entrained air velocity. An
example of variation of entrained air velocity with time is shown in Fig. 4. It is seen from
Fig. 4 that there is no definite correlation between the fluctuation of entrained air velocity at
the spray axis and that at the position away from the spray axis. The velocity variation from
the mean value attains sometimes to +50%. However, the total flow rate of the entrained air
is considered to be nearly independent of the time, since the total flow rate of the spray is
constant,

The stratified wind was sent horizontally by the fan 5.5 m in diameter from the rear of the
spray injected horizontally and to the spray injected vertically downwards. In both cases, the
fluctuation of the entrained air velocity was hardly observed. The position of the maximum
entrained air velocity of the spray injected downwards transferred more leeward from the spray
axis with increasing velocity of stratified wind. From these facts, it is known that the fluctuation
of entrained air velocity is caused by the turbulence of induced air and the entrainment of ambient
air whose flow direction and velocity fluctuate.

3. Extinction of Liquid Fuel Fires with Water Sprays

The extinction tests of burning liquids in cylindrical vessels with water sprays injected
vertically downwards from a single nozzle right above the vessel were carried out.'® Nozzles
shown in Table 1 were used. The distance from the nozzle to the burning surface of the liquid was

24 m.



In the extinction of liquid fuel fires with various spray nozzles, the extinction time £ is
empirically expressed as®

t=Au d°q° %)

where u,, is the mean entrained air velocity at the spray axis, d,,, is the Sauter mean diameter, and
q is the flow rate of the spray per unit area. The larger the value of 0, the smaller is ¢. Since there
is a wide distribution of extinction times, the exponents of Eq.5 must be determined so that the
extinction times obtained with various nozzles are all included in a certain confined region of
extinction times. The values of @, b and ¢ for gasoline and gas oil fires are shown in Table 2. It is
seen that the absolute value of a is always larger than those of b and ¢, Although partly
contradictory with the data of Rasbash et al.®, this seems to suggest that the effect of entrained
air, probably by its blowing-off action, is larger than the effects of drop size and flow rate of the
spray, in extinguishing liquid fuel fires. The values of A for the maximum extinction time are also
shown in Table 2. The fires of high flash point oils and water-soluble liquids are extinguished
sometimes in very short times (within c.a. 10 seconds) and occasionally in long times under the
same condition.®-!? The higher the nozzle pressure, the larger is the probability to be extinguished
in very short times. Extinction in very short times is mainly due to blow-off by the entrained air.
In the case of high flash points oil, steam formed at the liquid surface and vessel wall also
contributes to the rapid extinction. If the fire is not extinguished in a very short time after the
application of spray, the stable flame which is cleared at the central zone of the burning surface
and concentrated round the inside of the vessel wall is formed perhaps due to the thin flammable
vapor layer of these liquid fires. The size of the stable flame reduces gradually due to thecooling
of the liquid surface in the case of high flash point oil and the dilution of the surface layer of the
liquid with water sprays in the case of water-soluble liquid, and the flame is extinguished at last. In

Table 2 Values of 4, a, b and ¢ in Eq. § Symbol NO{\ZJZ'e
15+ °
Vessel * 3 Dioxane
Fuel dia- A a b c NS o 8
meter 13 A 6
Gasoline| 30 3.5x19° | -3.0 |11 |-0.8 , Methanol
s 30 2.2x10! -3.3 2.0 -0.9 Ethanot
Gas oil L ) !
FOR A 70 | 23x0| 35 | 16 |16 'O - Hexane b
n-Butano! i
° Gasoline "ﬁ
3E Gos oil ! !
Fig. 5 Critical entrained air velocity above which -
liquid fires can be extinguished within 10 seconds 5t 0 -
after spray application for gasoline, n—hexane, : A -
n-butanol and gas oil fires, and able to be blown _ /’%
off in the instant of spray application for other e Acetone
-~
liquid fires plotted against the flame spreading OO - ) ) .
[
rate of the liquid. Vessel diameter: 30 cm; Us m/52 3

preburn time: 2 min.



the fire of water-soluble liquid, the effect of g was far larger than other factors and therefore the
scattering of extinction times was hardly observed. Although the extinction time of fire of
water-soluble liquid is almost wholly dependent on g, the critical concentration C, in the instant
of extinction becomes also a function of u,, and d,,,, and is expressed for methanol and ethanol
fires as

C, = 0.0018 u%6 g-0 (©)

The fluctuation of entrained air velocity is considered to be a cause of the wide distribution of
extinction times.

The critical entrained air velocity u,, . is plotted against Uy in Fig.5. u,,. is the entrained
air velocity above which liquid fuel fires are extinguished within 30 seconds after the spray
application for gasoline, n-hexane, n-butanol and gas oil fires, and able to be blown off in the
instant of spray application for other liquid fires. Uy is the flame spreading rate which is obtained
at small distances of the liquid surface from the top of the vessel'® and at liquid temperatures
higher than a specific temperature.!®:17 From Fig. 5, it is seen that u,, . is proportional to U, and
varies with d,,. The blow-off tests with the stratified wind sent from the right above position of
the burning liquid were also carried out.10:18 The tendency of extinction is similar to that with
water sprays. However, the extinction of fires with the spray was far more difficult than with the
air due to the splashing at the liquid surface caused by spray drops and the diversed distribution
and fluctuation of entrained air velocity.

4, Conclusion

The contraction of the water spray at its downward stream is seen to be caused by the
entrained air rather than by the gravity. It is mainly due to the inertia of induced air that the wind
velocity at the spray axis is a maximum and its rate of decrease with the distance from the nozzle
is relatively small. The fluctuation of the entrained air velocity is considered to be caused by the
turbulence ‘in the induced air and the entrainment of ambient air whose flow direction and
velocity fluctuate. )

From the results of extinction with water sprays of liquid fuel fires of comparatively small
burning surface at any point of which is not shielded from the spray, the following conclusions
were obtained: contribution of the entrained air to extinction is large and therefore the extinction
time is distributed widely; fire can be extinguished easily with the spray of large root mean square
deviation of the entrained air velocity; difficulty of extinction increases with the flame spreading
rate of the liquid. However, the liquid fuel fire whose burning surface is very large is not
extinguished easily with water sprays even if many nozzles are used in order to cover the whole
burning surface with the spray, because the suppression of the flame becomes difficult at the
boundaries of the sprays due to interaction of entrained air. The effect of entrainment of air into
discharged extinguishing agents other than water sprays on extinction of fires is a future research
problem.
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Fig. 1 Size Distribution measured by sedimentation
method
N: relative number of particles, D: the diameter
of particles, 7. the mean specific gravity, and n
number of observed particles.
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microscopic photograph (Jin, 1971)
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. . o G: smoke density meter, H: head for combustion
RATRENSS products analyser, I: air flow meter, and J: radio-
r=K-ip* (4) isotope
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Fig. 4 Time variation of size distribution of filter
paper smoke measused with light scattering-type
particle counter (Dilution ratio : 10)

The relative number concentration of each
particle size is shown by contour and shadings.
(a) and (b) : opened a side wall of chamber.
(c), (d) and (e) : shutted closely.

o indicates smoke density expressed in term of
extinction coefficient for natural logarithm per
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tion products analyser. Same symbols used
throughout all figures.
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Fig. 8 Particle size distribution of various smoke with the extinction coefficient of 0.1m ! (Diluted by a large

quantity of clean air)
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open symbols : the values for fresh smoke, solid symbols : those for aged smoke
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Table 1 Measuring conditions

Applied Air Measurable ion Measurable
voltage flow mobilities particle dia.
) (2/min) (cm/V sec) (nm)
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0.66-200 1 0.0232-0.0000953 | 9-200
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Table 2 Summary of results on invisible particles

] Me: -
onditios el | o | No. | NV.| D, Dy Zi Im
condition (nm) tion | oumt (nm) (am) | (X 10%/cc) (m™)
0.59 1.3 0.6
Padding 3-50 o 2 0.68 15 0.01
cotton
o 2.5%15,12,34 | (3),13,64 26 0.79
300°C 5-100 o 2 | 162
1.04 2.9 0.12
Joss 1.14 1.9 0.56
ok 5-100 o 2 Loo [(9:13,18] 48,01, 24 575 08
Tobacco 5-100 o 1 1.13 | (5),34,13 | 64,9, (5) 3.7 0.16
5-100 X 3 1.13 | (5),9,13 | 64,(91),48| 2.0-2.8 0.18-1.12
Filter 1.17
S00°C 3-50 0 ! 0.7 7,3 34, (3), 48 21 2
5-100 o 4 ‘;Vﬁ 5,(91),13 | 34,(91),48| 1.5-4.1 0.23-1.95
Newsgaper 3-50 (¢] 1 1.23 0.6 0.18
3),13 4,18
300°C 5-100 o 1 076 | > @13 | 2 2.7 1.04
0.94 0.9 0.33
Linen 3-50 o 2 1 o078 0.8 0.03
300°C (3),7,13 | 64,34,(3)
5-100 o ) 1.30 3.7 1
1.48 1.9 0.2
Acrylic 3-50 o 1 0.94 1.0 0.19
5,34,24 | 9,13, (91
e 5-100 o 1 1.74 ©n 44 0.12
Lauan 5-100 X 1 0.94 2.0 0.33
o 5),9,13 | 34,64, (91)
300°C 5-100 o 1 0.76 ® OU—77 0.99
Filter paper aver
400‘Pc 5-100 o 3 7’81 [5),18,13 | 34,64,9 0.5-2.8 [0.012-0.84
Perfect 2.2*
combus.| 3-50 o 1 tos |57 ® 34,9,5 0.9 0.2
Filter 5-100 X 1 117918 | 34,9, 2.5 031
paper {Imper- -
500°Clfect 3-50 X 1 1.66 4 047
combus. e 1597 34,9,15
5-100 o) 3 143 4.2-15.6 | 0.15-1.9
Linen 3-50 1 0.62 2.4 0.56
500°C 3-100 ° T 0401379 | 64.24,9 33 0.92
Lauan 500°C | 5-100 X 1 1.94 { (5), 24 18, (91) 3.9 0.17
Cedar 500°C | 5-100 o 1 1.87 { (18),5 64, 47 4.0 0.84
3-50 X 1 1.55 2.0 0.8
10, (3),24 | 89,45,25
9200 X 1 — ® - 0.82
Gasolene tray | 3-50 [e] 1 0.72 2.6 0.78
: 3), 10,24 | 89,24, (180)
burning 9-200 o 1 156 | 073 0.8
5-100 o) 3 5 [©,13 34,47 49-7.7 0.8-0.86
Notes
NjN_ : Ratio of number of positive-charged particles to that of negativecharged particles.
Dy, or Dy : Diameter, being apt to appear peak or dip on size distribution curves f{d), shown in order of
frequency.
Zi : Estimated total number concentration in region described in “Measured size”
Im : Maximum extinction coefficient

A circle or cross shows the presence or detachment of radioisotope, respectively, and a value obtained at the
appearance of smoke is marked with an asterisks.
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Fig. 13 Dynamic size spectrum
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Report of Fire Research Institute No.38 (1974)

The Particle Size Distributions of Combution Products
and Their Effects on the Response of Smoke Detectors

(Abstract)

Akio Watanabe and Akio Takemoto
(Received June 15, 1974)

The particle size distributions of combustion products have been studied in order to elucidate
the response of smoke detectors.

Combustion products are generated by heating thin combustible specimen of 0.5gor 1 gata
constant temperature or rate of temperature-rise, and are collected into a chamber. The particle
sizes are obtained by sedimentation method and light scattering method for visible smoke particles
and with an ion mobility counter for invisible particles.

The modal diameters of particles on the distribution curves obtained by the measurement of
the falling velocities of particles are from 0.6 um and 1.0 um. The numbers of electrons on
particles are estimated from the electric field necessary for balancing a particle between electrodes,
and the mean specific gravities of particles are calculated to be from 0.95 to 1.15.

The particle size distributions are also obtained with an aerosol counter measuring the
intensity of light scattered by single particle in the direction of 90°. When smoke is diluted by a
factor of 10, the size distribution curves are approximated by Junge’s formula in the instant of
smoke generation, by normal or lognormal distribution in the state where smoke density is
increasing, and by lognormal distribution in the state smoke is disappearing. The median diameter
of particles increases with smoke density, and the difference of the authors’ results on growth of
the particle diameter from Holmes’s ones may be ascribed to some differences between the both
measuring methods. The particle size distributions obtained at smaller dilution ratio may
correspond to such a state as smoke hangs over a room for many minutes or moves over long
distance through escape routes, and will be roughly approximated by lognormal distribution with
geometric standard deviation of 1.4.

When smoke is diluted by a large quantity of clean air until the particle size distribution does
not change, the modal diameters of various smoke obtained with the counter have fallen t0,0.3 um
or less. Such modal diameters are likely to be a true diameter for thin smoke or for smoke at the
time of smoke generation, at least. The dense smoke will result not only from the increase of
number concentration but from the growth of particle size, especially for smoke obtained by|
heating cellulosic materials at low temperature.

Ion mobility distributions are determined with an ion mobility counter which is a cylindrical
condenser with an inner electrode subdivided into two parts, and converted into size distributions.
In most cases of experiments, alpha-ray has been radiated for the purpose of charging neutral

particles. The method used is not suitable for such a state as invisible particles grow rapidly, since



it is effective under the condition that the number concentration does not change for 9 seconds.
The size distribution curves have 1 or 2 peaks initially and thereafter plural peaks in the region
between 3 nm and 200 nm in particle diameter. These peaks are likely to appear at particular
diameters. The total number concentration of particles in the region between 5 nm and 100 nm
are estimated to be 5 x 10%/cc or more for flaming combustion and 2 x 10°/c¢ for smouldering
condition. They are about 1/2 of the above-mentioned values in the region between 3 nm and 50
nm, though larger number concentrations per unit diameter width are observed in the region below
20 nm. The ratio of number of positive-charged particles to that of negative-charged particles,
N4+/N_, are estimated to be more than 1 in the region between 5 nm and 100 nm and less than 1
in the region between 3 nm and 50 nm. The larger values of N4+/N_ are frequently obtained before
the appearance of visible smoke particles, and the existence of unipolar particles suggests the large
amount of invisible particles in the rising stream.

Effect of aerosol size distribution on the response of smoke detectors is also discussed from
the results obtained. The detecting output of scattering type detectors to black smoke is about 1/4
of that to white smoke perhaps due to the difference of intensity of light scattered by single
particle and of number concentration. When a typical ionisation chamber type detector gives
alarm-signal against fresh smoke generated by burning filter paper, the ratio at which invisible
particles contribute to the decrease of ionic current, is 40% or more for flaming combustion and

20% for smouldering, and in case of aged smoke, 20% and less than 10%, respectively. The
particles less than 50 nm in diameter do not contribute so much to the response of ionisation

chamber type detectors.
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Fig. 3 Explosive limits of acetic acid vapor— water
vapor—air mixtures obtained by mixing the three
component gases.
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Fig. 4 Comparison of explosive limit curves obtained
by two methods.

a:  explosive limit curve obtained from the flash
points measured by constant temperatures
method.

a’: corrected limit curve by means of dimer
formation of acetic acid vapor from curve a.

b: explosive limit curve measured by mixing the
three component gases.

¢,c’,d,d’ : variations of gas phase composition in
equilibrium with aqueous solutions of acetic
acid. ¢, ¢’ acetic acid 96%, d, d' acetic acid
80%. Prime represents the gas phase com-
positions by mole fraction with the same air
concentrations as volume fractions.
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Flammability Characteristics of Aqueous
Solutions of Acetic Acid

(Abstract)

by Susumu Nakagawa and Yasuharu Ishida
(Received June 15, 1974)

Flash points of aqueous solutions of acetic acid and explosive limits of acetic acid vapor—
water vapor-air mixtures were measured. Results were shown in Fig. 1, Fig. 2 and Fig. 3.

The lower explosive limit of acetic acid in air was obtained as 3.8%, and the upper limit as
11.6%, both values were noticeably lower than those given in literatures.

The explosive limit curve obtained with the three-component system was apparently different
from that deduced from the flash point data. In concern with this difference, and also the
difference between the authors’ explosive limit values of acetic acid vapor in air and those given in
literatures, an elucidative discussion was made on the basis of dimer formation in acetic acid vapor.

From the relation between the explosive limits and the behavior of the flames at the open
flash testing, it might be proposed that at the open flash point, a flame should appear just on the
liquid surface, and when it appears far above the liquid surface, it should not be defined as a flash

point.
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