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Report of Fire Research Institute of Japan No.40 (1975)

Visibility through Fire Smoke
(Part 3 Visibility of Flashing Sign)

(Abstract)

by T. Jin
(Received April 23, 1975)

This paper deals with experiment on the visibility of a xenon-lamp flashing sign through
fire smoke. The visibility increases linearly with the exponential increase of the capacity of
condensers.

In case of extreme large capacity of the condensers, the visibility however, increases
slightly, because veiling is formed by scattering light caused by sign-light and smoke. Therefore,
it is difficult to make flashing signs which have very long visibility in comparison with that of
conventional signs.

It is confirmed that luminous energy (time-integration of luminance) of flashing signs is
sufficient for about 1/10 of that of fixed signs required to obtain same visibility.
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Wood 1.0 04
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Polyvinyl Chloride foam 0.9 0.5
Acrylic resin 1.0 0.6
(Kerosene) 0.4)
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Report of Fire Research Institute of Japan No40 (1975)

Visibility through Fire Smoke
(Part 4 Experiment on Light Scattering
Coefficient of Various Fire Smokes)

(Abstract)

by T. Jin
(Received April 23, 1975)

Previous study was measurement on light scattering of angular distribution from 30° to
150° by smoke in combustion of various building materials.

Since it is considered that visibility may depend on light scattering of low scattering angle,
present paper describes measurement of light scattering of angular distribution from 5° to 155°
using a Ne-He laser as light source.

The light scattering by smokes of smoldering wood and plastic materials are almost equal.

However, difference between light scattering by smoke of flaming wood and that by smoke of
flaming plastic are found.
The ratio of the scattering coefficient to the extinction coefficient is determined from the light
scattering. Though the ratio varies with the kinds of building materials and combustion
conditions, it may be concluded the ratio is nearly equal to 1.0 for smoldering smoke and about
0.5 for flaming smoke.
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Photo. la-c Microphotograph of smoldering wood
smoke particles which were settling in air
(Exposed time 1 second)

(a) After 3 minutes elapsed from smoke gener-
ation

(b) After 18 minutes elapsed from smoke gener-
ation

(c) After 33 minutes elapsed from smoke gener-
ation
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Fig. 4a-c Particle size distribution of smoldering
wood smoke (Heating temp. 500°C).
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Decrease of Smoke Density
(Part 1 Decrease of smoldering smoke with time)

(Abstract)

by T. Jin
(Received April 23, 1975)

It may be valuable for smoke-exhausting and fire fighting to make clear decrease of smoke
density with time in enclosed space.

In the present study, observations on decrease of smoke density in a smoke chamber have
been made by using a smoke density meter and buffles. The growth of smoke particle size has
also been measured in case of some experiments.

It seems that the decrease of smoke density in initial time range may result mainly from
the coagulation of particles for smokes obtained by smoldering wood and various plastics.
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Superoxide

(Abstract)
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A new wet process for the synthesis of potassium superoxide (KO, ) has been investigated
on a laboratory scale.

This process was successfully expanded to a large scale test for possible commercial pro-
duction.

In order to explain the experienced phenomena of the synthesis, a thermodaynamic
investigation was also performed experiementally as well as theoretically.

1. Synthesis Process

The apparatus used in the synthesis of KO, is shown in Figure 1.

Potassium hydroxide granulesor a past of potassium hydroxide was reacted with aqueous
hydrogen peroxide under reduced pressure to remove water with heat, both harmful for the
latter reaction.

When boiling had subsided, the temperature of the reaction vessel was maintained at slight-
ly below 40°C to remove H, O.

Next, the temperature of solid K, O, (2 + n)H; O,(S) (n = 0) was raised between 50 and
63°C at the rate 2 - 3°C/min, to bring the whole mass of solid complete dryness and suitable to
initiate disproportionation.

As a final process, the solid was kept at this temperature for a short time, and was heated
locally to initiate disproportionation to form KO,.

A larger scale test for possible industrial application was also performed successfully by
the same principle.

The photoes and the schematic of the reaction chamber is shown in photoes and in Fig 2.

The temperature curve from the mixing stage to disproportionation is illustrated in Fig 3.

The relationship between KO, yield versus Molar ratio [H, O, ] /[KOH] is shown in Fig 4.

2. Thermodynamics of Synthesis

The enthalpy (AH) of formation and molentropy (S) of K; O, (2 + n)H, 0,(S) (n=0) was
determined theoretically and experimentally to explain the experienced phenomena of the
synthesis described above.

The theoretical value of enthalpy (AHt) agreed closely with the exprimental value of
enthalpy (AHe) as follows.



-
" AHt=-2207 - 51.35n (Keal/mol)
AHe = —230.8 — 45.8n (Kcal/mol)
The molentropy was theoretically calculated as,
St = 30.86 +2.43n (cal/mol-deg)

It is then possible to calculate the necessary concentration of KOH and H, O,

from the
said enthalpy,

and at the same time, explain the experienced phenomena of the heat balance.
Furthermore, the disproportionation temperature required to produce KO, under reduced
pressure was calculated and dgreed closely with the experimental data.
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Fig. 1. A sketch of a floating roof petroleum tank.
The arrow shows its weather seal part.

Table l. Opening condition of the vessel.

Opening condition Ratio of opening

of the vessel area to roof area Symbol
Closed 0/12 C.
Very little open 1/12 V.L.O.
Little open 3/12 L.O.
Half open 6/12 H.O.

. Opened 12/12 0.
1BPipe pe /

Nozzle

S LA BRENAEZ MBI T, ZOBRREEFEHED
COFRGTIEBIT2RERELMEL L, ZLBES
BqBO—M» LB KL TR ET 5 £ TORRA 5%
L KRG ERE 2 5KkeH Tz,

SIS ST T T
Fig. 2. Cross section of the vessel used in the tests.




Fig. 3. A schematic diagram of apparatus.

. Extinguishing agent container. 5. Pressure detector for recorder.
2. Weighing rack. 6. Remote control valve.
3. Gas-cylinder. 7. Nozzle.
4. Pressure gauge.
3. RRCEE
BRI O 24IT - 72, AR OBNE 2 Table 25 & BB L2 4ommin, 72Kk BEBHEIZL.8m /s
U Table 31273F, ZOBMBERRICBET 7Y >0 Thot,
Table 2. Result of tests by wet pipe method.
Opening Number Time required to discharge the Extinction Weight of
condition Nozzle of agent from nozzle after ignition ti agent
of the type nozzle Err))e required
vessel used 1 2 3 4 5 6 8 (kg)
V.L.O. S-5* 6 572 | X X X X X 73.5 2.5
V.L.O. S-6 6 373 (1355 | X X X X 41.8 8.7
V.L.O. S-11 6 227 X X X X X 304 38.8
L.O. S-5&7 33 153 | X X |144 | X X 26.8 18.1
L.O. S-6 6 243 X X X X X 354 8.0
L.O. S-11 6 13.1} X X X |143| X 25.0 59.3
H.O. S-6 6 125 X | 133} X X | X 19.0 13.8
H.O. S-5 6 100] X X X X X 94.6 54.0
H.O. S-11 6 118 | X X X X X 50.2 102.8
0. S-7&S 3,3 125 | X 1721 X X X 224 19.9
0. S-6 6 128 | X X (142} X X 27.8 23.7
0. S-11 6 83| X X X X X 39.8 89.7
*S: Sprinkler type nozzle

|
w
©
|




Table 3.

Result of tests by dry pipe method.

Opening Number Time required to discharge the Extinction Weight of

condition Nozzle of agent from nozzle after ignition time agent
of the type nozzle (s) required

vessel used 1 2 3 4 5 6 kg)
C. S-6* 6 X X X 1921 | X X 116.2 41.5
0. S-6 6 21,1 119.0| X 125137162 28.2 43.6
0. S-6 6 20.1 {185|29.6 194 | 134 | 13.8 37.2 26.1
V.L.O. F-2.5%* 3 13.8 225
L.O. F-2.5 3 16.5 25.1
H.O. F-2.5 3 15.8 23.5
0. F-2.5 3 19.0 254

*S: Sprinkler type nozzle
B ETE / LAz

*#*F: Fog type nozzle
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Report of Fire Research Institute of Japan No.40 (1975)

Effectiveness of Halon 2402 as Incipient Fire
Suppressant for Floating Roof Petroleum Tank

(Abstract)

by S. Yamashika, T. Morikawa and H. Kurimoto
(Received May 24, 1975)

A series of tests was conducted to examine the effectiveness of halon 2402 for suppressing
the incipient stage of fire within the weather seal space of the floating roof petroleum tank. The
actual weather seal space was simulated by a long rectangular steel vessel, 30 cm wide and 16 m
long, provided with slated roof plates, which were partly or totally removable. With model fires
of burning gasoline in this vessel under various opening conditions of roof plates, the halon was
applied through a fixed array of nozzles either of sprinkler-head type or fog-discharge type. In
every run of the tests, halon 2402 could successfully extinguish the fire. As regards the types of
nozzles tested, the fog-discharge nozzles compared favourably with the sprinkler heads by
affording more reproducible extinction time and less consumption of the halon.
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Table 1. Smoke stopping effect at swing door under
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Opening condition of swing door on 2nd and on Sth floor
Air supply
(m?/min) Condition () Condition (I) Condition (III)
Full open Half open closs*
1000 ?
600 -1 c:
440 ©: Smoke stopping A
I
k4

A: Unstable

310 %r: No stopping

220
* 2nd: closs, Sth: half open

0=0 ©
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Table 2. Pressure difference between staircase and out side.

1st staircase 2nd staircase 4th staircase Sth staircase Swing door
Air supply — out side — out side — out side — out side on 2nd floor
(mm Aq.) (mm Aq.) (mm Aq.) {mm Aq.) mm Aq.)

0* (m®/min) -1.20 -1.08 -0.12 0.48 0.26

1000 0.71 0.81 1.05 1.14 1.23

600 0.02 0.12 0.36 0.45 0.86

* Temperature of staircase 45°C
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Photo. 3 View of fire building under condition of air supply.
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Report of Fire Research Institute of Japan Nod0 (1975)

Experiment on Smoke in Pressurized Staircase

(Abstract)

by T. Jin, H. Shimada, A. Takemoto
(Received May 28, 1975)

The purpose of this experiment was to determine the minimum amount of air supply
required to prevent smoke invasion into a staircase under various opening conditions.

One room (floor area: 225m?) on the second floor was selected as a fire comartment. The
combustibles in the fire compartment consisted of 2 tons of woods and 2 tons of clothes (20
kg/m?).

The air was supplied into the staircase by a fan (capacity 1000 m?/min., 100 mm Aq)
installed on the first floor. The effectiveness of pressurizing the staircase to prevent smoke
invasion through the swing door of the 2nd floor was studied. The effectiveness was studied
under several conditions in which the rate of air supply and the opening conditions of the swing
door of the 2nd floor and the entrance door of the fifth floor.

The experimental results agreed with theoretical pressure values.
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