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Fig.1. Relation between visibility of the placard
and extinction coefficient by the experim

ents performed in -Japan.
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Report of Fire Research Institute of Japan No. 30 (1970)

Visibility through Fire Smoke (1)
(Abstract)

Tadahisa Jin
(Received November 17, 1969)

A smoke chamber was designed to perform the measurement of visibility through fire smoke (see
Fig.3). The chamber is provided with an illumination apparatus and two kinds of simple sign. One of
the signs is the placard which is made of small circular paper on black background and the other is
the lighted sign which is backlighted with a projector. The brightness of the lighted sign can be
controlled at will by the observer, and that of the placard can be set in four stages by changing the
rate of reflex of the circular paper. Nearly white smoke is generated by heating filter-paper in an
electric furnace. Experiments were carried out to get a relation among the brightness of sign, the
distance between the object and the ohserver, and the extinction coefficient of smoke in the instant of
obscuration threshold.

The extinction coefficient (o) at the instant of obscuration threshold may be theoretically given by

.1 Bro .
5 ln&-kL (1
where V; Visual distance

Bro;  Brightness of sign,
8c; Threshold of brightness-contrast (8¢ 0.01 under the condition of
genral illumination)
L; Mean intensity of external light coming from all direction
(INumination)
k= os/c {Ratio depending on the nature of smoke, k= 1for nearly
white smoke)

os; Mean light-scattering coefficient

From Egq. (1), the extinction coefficient in the instant of obscuration threshold is logarithmically
proportional to the brightness of sign for a given smoke, a given intensity of external light, and a
visual distance.

The results of experiment are shown in Fig.4 ~Fig.12. The agreement between the results and
the theoretical values calculated from Eq. (1) is good (see Fig.11). The visibility of the placard
obtained from the experiment is about (2~4) /0 and that of the lighted sign is about (5~10) /0.

In the case of white smoke, the brightness of the placard is expressed by product of the rate of
reflex of the placard and the intensity of the external light, therefore Eq. {1) is given
approximately by

O - Vi CONSL.  weroeeremmmeirimeine st ee s (D)

The value of the constant in Fq. (2) depends mainly on the rate of reflex of the placard (see
Fig.9, Fig.10). The value of the constant for the lighted sign depends on both the brightness of
the sign and the intensity of the external light (see Fig.6, Fig.8).
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In the case of escape through real fire smoke, the visibility should be lower than that of experiment,

because the effects of physiology and psychology must be considered.
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Table 1 Comparison of extinction times for
location and number of CO;nozzles

Location and unmder of L .
Extinction time
COznozzles
each at every corner of to
8 y n 4 20 sec.
and bottom
4 each at every corner of 1
bottom
4 each at every corner of top 24
each at every front corner 12
of bottom
2 each at every front corner 23
of top

5X10°% 1

3 X10* 1/min

rate of CO; application: 3.1X10% 1/min
sliding door:
fuel:
burner: pan of 20cm dia.

volume of chamber:
rate of ventilation:

open
n ~ hexan

Number and location of CO; Extinction time

nozzles
8 each at every corner of top 154 sec.
and bttom
2 each at evry corner of
40
bottom
2 each at every corner of top 75
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2 each at every front corner [
of bottom | |

5X103 1

ability of ventilation: 3 X10% 1/min
rate of COjapplication: 3.55X10°% 1/min
sliding door: open

fuel:

volume of chamber:

n - hexan
burner: pan of 20cm dia.
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Fig.2 Concetration of CO2vs. time after start of
CO: application
rate of CO; application:218 1/min
rate of ventilation: 1800 1/min
discharge method:vaporized discharge
Volume of chamber: 200 1 of volume
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Table.2 Relation between rate of ventilation and rate of CO; application

Rete of ventilation

880 1/min
880
880
1230
480

Rate of CO, application Extinction time
232 /min 73 sec.
260 50
290 38
260 85
260 62

volume of chamber:

discharge method:

1.8X107%1

vaporized discharge
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Fig.7 Extinction time vs. rate of CO; application

Extinction time (sec)

ability of ventilation: 3,0X10* 1/min
opening condition of door: closed
discharge method: direct discharge

volume of chamer: 5 X107%]

The ability of ventilation is the rate of
ventilation in case where the door is open.
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Fig.8 Extinction time vs. ability of ventilation

rate of CO; application: 3. 54X103%/min
opening condition of door: closed
discharge method: direct discharge
volume of chamber 5 X103l
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Report of Fire Research Institute of Japan No.30 (1969)

Fire Extinguishing Measures for
Radioisotope Facilities
(1) Extinguishing Effect of Carbon Dioxide on Liquid
Fires in Hoods

(Abstract)

Tokio Morikawa, Hirohisa Shimada and Tadao Moriya

{Received December 1, 1969)

The purpose of this study is to develope the method of extinguishing fires in radio isotope
facilities.

In the present report, the study of carbon dioxide extinguishment of the liquid fires in radioiso-
tope handling hoods is presented.

Carbon dioxide is usually applied as extinguishant for the fires in an enclosure only when
not ventilated.

But, for the fire in a hood, it must be applied under the ventilating condition, to avoid radioactive
contamination of the atmosphere surrounding the hood.

First of all, it was made sure by some experiments that the extinguishing method using carbon
dioxide is applicable for extinguishing the fires of this kind.

Secondly, experiments were carried out to see how much carbon dioxide is required to extinguish
the fires in the hoods of different scales and different opening areas, changing the rate of carbon
dioxide application, the rate of ventilation and means of carbondioxide discharge.

The following results were obtained. (1) The extinction time increases with the rate of
ventilation and decreases with the rate of CO: application in both cases of the discharge methods, one
being “ vaporized discharge” and the other “direct discharge”. In the former case, carbon dioxide
is discharged in the form of gas and in the latter case it is discharged directly from the CO: sylinder,
so it was in the form of the mixture of gas and solid. The patterns of the curves in the both discharge
methods are similar. (Fig.4—8) (2) The concentration of carbon dioxide is generally higher in
the upper region than in the lower region of the hood. (Fig.2) (3) The dimensionless relations
between the rate of carbon dioxide application ¢/Q and the amount of carbon dioxide required for
extinguishing the fires qf /V were obtained from all the data, where ¢ is the rate of carbon dioxide
application, Q the rate of ventilation, ¢r the extinction time, and V the volume of the hood. (Fig.9)
The most suitable value of ¢/Q is 0.5 for extinguishing the fire. The amount of carbon dioxide
required is one fifth as much as the volume of hood.It is very small, despite of the hood being
ventilated during the experiments. The minimum carbon dioxide concentration of the extinction limit
is known as 29%, when n-Hexan is used as the fuel. It may be considered that our result of smaller
amount of carbon dioxide for extinguishment is perhaps due mainly to the local application.
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Table 1 Classification of liquid fuels
Specifi Flash Distillation
Class Fuel Gpecf e Point 1. B P 50 % FB.P.
ravity o SN o o
() () (c) (c)
Gasoline 0.732 —43 32.5 92 185.5
1st n-Hexane, Benzol
Cyclohexane, Ether
Gas oil 0.835 70 187 349
Kerosene 0.790 56 180 207 254
2 nd
B Heavy oil, n-Butanol
Isoamyl Alcohol, o-Xylene
3rd Methanol, Ethanoi, n-Propanol
Dioxane, Acetone
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Table 2 Dimensions of combustion vessels

Material Inner Radius Height Wall Thickness

(mm) {mm) (mm)
35 300 1
87 450 1

115 350, 80 0.5
Steel 300 300, 80, 50 4
500 300 4
700 300, 80 4
1100 300 4
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Table 3 is: of some liquids which were determined from the measurement of the change of burning
rate with time at the constant level of the liquid surface (min).

h Liquid
Vessel
(mm) Gasoline Benzol Gas oil Methanol
1159350 30 25 40 35 15
3009 X 300 150 20 50
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Table 4 Critical wind speeds (2.} to blow off liquid fires at different levels (h) of the liquid

surfaee
Preburn Ue (m/sec)
Liquid times h {mm)
(min) 30 10 5

Gasoline 0.5 3.7 2.9 2.9
n-Hexane 0.5 3.3 2.9
Benzol 0.5 3.6 3.3
Gas oi] 1.5 45 2.0 1.4
5.0 2.9 2.5 2.2
Kerosene 1.5 2.9 1.6
n- Butanol 1.5 2.7 1.6
Isoamyl Alcohol 1.5 2.5 1.7
o-Xylene 1.5 3.0 2.6
Acetone 1.5 3.2 2.2
Dioxane 1.5 >5.0 3.6 3.6
Ethanol 1.5 3.0 2.1
Methanol 1.5 >5.0 5.0 2.7
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Table 5. Some properties of nozzles
Flow rate (2/mi
Type Nozzle Diameter Number ow rate (£/min)
. of Pressure at nozzle {(kg/cm?)
of Nozzle No. (mm) nozzle hole
5 9
1 7.2 1 46.5 60
2 10. 8 1 85 113
Swirl 3 8.0 1 54 69
, 8 6.5 1 52 67
2.7 1 10
20 6.4 1 28 35
Impinging 15 2.0 18 79 105
Jet 16 1.0 12 15 20.5
Rotating
disk 4 10. 3 1 57 74
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Fig.9. Funnel-shaped spray collecting apparatus
to screen a fire from the spray
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Table 6. Drop size of the spray

Type Nozzle | Diameter Pressure Z1o* Ta't X" **
: 1 N (mm) at nozzle (mm) (mm) (mm) a b Reference
01 nozzle 0. mm (kg/ch) mm mm mm
3 8.0 3 1.35 1.54 1.6 2 1
15 0. 260 0. 350 0. 384 2 ¥%(1)
20 2.7
Swirl 5 0. 144 0.264 0.237 2 1 (%)
15 0. 098 0. 149 0.164 2 1 (%)
20 6.4
5 0.145 0.210 0,228 2 1
9 0. 624 0.372 0. 406 2 1
15 L5
Tmpinging 5 0. 322 0. 474 0.518 2 1
jet 13 0.148 0.243 0.273 2 1
16 1.0
3 0. 283 0. 325 0. 370 2 1
Circular 0.29 50 0. 130 2 |1 15
hole
Centrifugal 3~6 |1.3~2.5 0. 365 4 Y 16
Gas- 0.34 0. 025 2 |1 13, 15
atomizing
Swirl 0.6 50 0.047 | —0.5| 1 15
Impinging 0.61 - 0.12
jet —0.95| 67 ~o0.4] 1 |1 15

* Linear mean diameter
range of diameters

+** Volume-diameter mean diameter

* ok %

* %
**

Rarely, & takes the value in the bracket
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Fig.12. Size and velocity of the droplet; real line:
theoretical values calculated from eq.
(2) under the assumption that the initial
droplet velocity is equal to 24m/s where
H is the pressure head at the nozzle;
dashed line: terminal velocity calculated
from eq. (3).
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Fig.13. High speed photograph of spray drops
moving downwards; film speed: 5900
frames/sec; nozzle pressure: 3 kg/cm?;
nozzle: No.3.
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Fig. 14. Distribution of the flow rate of the spray and

the mean entrained air velocity
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Fig.15. Velocity of the wind induced into the

spray through the plane perpendicular to
the nozzle axis at the top of the nozzle
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Fig. 16. Distribution of entrained air current
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Fig.19. Extinction of gasoline fires with water
sprays; vessel: 3009X300; A =150.
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Fig.18. Extinction of gas oil fires with water
sprays; vessel: 700 9 X 300; nozzle: No.3.
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Fig.20a. Effect of preburn time on extinction with
the spray (gas oil); vessel: 300 %X 300,
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Fig.20b. Effect of preburn time on extinction with the spray (B-heavy oil); vessel:

3009 X 300; nozzle: No.3.
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Fig.20c. Effect of preburn time on extinction with the spray (benzol); vessel:

7009 X 300; nozzle: No.3.
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extinction

Fig.21a. Effect of h on extinction with the
spray (gas oil); vessel: 300 ¢ < 300;
nozzle: No. 3.
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Fig.24. Concentration at the moment of extinction plotted against nozzle pressure; vessel:

3009 X80; h=60; nozzle: No. 3.
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Table 7 Relation between the initial quantity

of methanol and the extinction time. Nozzle:
No0.20; A=30(mm); preburn times: 1.5 min;
nozzle pressure: 15kg/cm?.

Vessel {mm) Extinction time (sec)

1159x 80 70, 16, 33, 72, 63,

115350 58, 14, 57, 69

vessel: 3009X80; h =60,
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Table 8.
(m/sec)

Critical entrained air velocity to extinguish liquid fuel fires with water sprays.

Diameter Preburn
of the vessel |Nozzle No. time
(1m) (min)

Gasoline

Gas oil

n-Butanol| Acetone | Dioxane | Ethanol |Methanol

30 4.0

4.2
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2.8

5.0
10.5 6.2 10.5

115 15

3.5

2.3 > 4.0
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(2.79)
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Extinction of Liquid Fuel Fires with Water Sprays

(Abstract)

Atsushi Nakakuki and Masaichi Takahashi

{Received December 24, 1969)

An investigation on the extinction with water sprays of fires of liquids burning in eylindrical
vessels was carried out. The blow-off tests by the wind sent from the right above position of burning
liquid were also carried out to clarify the effect of the air-flow in the sprayv on extinction. Eleven
vessels of various dimensions were used. From the difference of the extinction process, sixteen
different liquids used were divided into the three classes as shown in Table 1.

1) Blow-off

The fires of such liquids as classified in the 1st class, the vapor layers of which are thick from
the very initiation of burning, are likely to be extinguished in a very short time (within 5 sec) by the
dilution of the vapor zone, by applving the wind faster than the ecritical wind speed v, (m/sec).
In these liquids, the extinction time is not so much affected by the time of predurning i (min) and
the distance h (mm) of the liquid surface from the edge of the vessel wall. In the liquids of 2nd and
3rd classes, the vapor layers in the flames are thin, but become thick at large # or small A. At small
ip or large h, the stable flames as shown in Fig.5 which are verydifficult to extinguish are formed
with these liquids, whereas, at large i, or small h, the fires are extinguished in a very short time
(within 5 sec) above the critical wind speeds which are smaller than those with the former liquids (Ist
class) except methanol and dioxane. The size of the stable flame reduces gradually due to the cooling
of the liquid surface and the dilution of combustible vapor, and extinction takes a long time after
applying the wind. When fire is extinguished in a very short time, the flame is blown off instantly or
after vibrating violently. It is observed more frequently with the liquids of 2nd and 3rd classes that
the fires are extinguished instantly or simultaneously with the application of the wind. The critical
wind speeds of blow-off of some liquids at different levels of the liquid surface are shown in Table 4.

Through these tests, the following two mechanisms are suggested to account for the blow-off:

a) dilution of the flammable vapor from the liquid to a concentration lower than that required
to sustain flame;
b) cooling the liquid surface when the stable flame is formed.

2) Extinction with water sprays

Water spravs were produced from a rotating disk, six swirl and towo impinging jet nozzles. The
spray properties, that is, the flow rate of the spray per unit area, the drop size, the drop velocity
and the entrained air velocity were measured. The distribution of the drop size was analysed by the
formula proposed by Nukivama and Tanasawa. It is shown from the measurements of the drop size for
various sprayvs that the exponents of the formula are approximately constant as in Table 6. It is con-
firmed that the equation (3) for the dounward drop velocity derived assuming that the Newton’ s
formula is applicable for this case agrees approximately with the experimental data.

The tests of extinction of liquid fires with water sprayvs projected from the nozzle which was fixed
right above the burning surface were carried out.  The results of the extinction tests with coarse
sprays whose Sauter mean diameters [)gpare larger than 1 mm show the same tendency as those of the

blow-off tests. With the fine spravs whose Diare in the range 0.1—0.5mm, the blow-off effect



by the entrained air is also observed. The influences of i and h on exinction are similar to those
in the blow-off test. In the case of the Ist class liquid, the extinction time takes an almost constant
value at the same entrained air velocity and drop size, and is independent of the flow rate of the spray.
With the liquid of the 2nd class, the extinction time is also determined mainly by the entrained
air velocity and the drop size, but more or less affected by the flow rate of the spray. In these
liquids (1st and 2nd classes), the critical entrained air velocity which are defined in the same
manner as z in the blow-off test decreases with the droplet size. With the water-soluble liquid {3rd
class), it was confirmed by experiment that the fire was extinguished due to the dilution of the liquid
surface with water sprays, and the cooling of the liquid surface and dilution of the flammable vapor
by the entrained air. Therefore, the extinction times of these liquids are very much influenced by
the flow rate of the spray. The concentration Cc of the solution at the instant of extinction takes a
constant value at the same drop size and entrained air velocity, .and increases with the entrained air
velocity and with the decrease of the drop size. With all liquids, the formation of steam and the
cooling of the flames, the liquid etc. with water sprays contribute to the extinction of the fire, but
the splashing caused by the spray at the liquid surface has the reverse effect on the extinction.

As the mechanism of extinction by means of water spravs are considered the following factors in
addition to the above-mentioned mechanisms of blow-off by the entrained air:

¢) dilution of the flammable vapor by steam formation at the flames, the vapor zone, the

vessel wall and the liquid;

b) cooling the flames, the vapor zone, the vessel wall and the liquid by steam formation and

by the direct contact of spray drops;

e) for the water-soluble liquid, dilution of the surface layer of the liquid.
In some cases, extinction occurs by any single factor of those mentioned above but, in most cases, by

the combination of some of them.
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Table 1. Characteristics of PbSe photoconduc-
tive cell.
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RESEARCH CENTER)

w | Blackbody temperature 500°K
S | Blackbody flux density | 6.54X107® Wem™
5 | Chopping frequency 780Hz
5 | Noise bandwidth 80Hz
© | Bias voltage 250V
Load resistance 1L.OMQ
Detector temperature 295°K
£ | Impedance 3.5MQ
7 | Noise 2.9uV
= | Signal 540V
% | Detectivity 2.8% 10%m H"w™!
£ | Blackbody responsivity | 1.3Xx 102 V W~

Table 2. Characteristics of MOS
type field-effect transistor 3SK13,
(HITACHI Ltd.)
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Fire Detection by Infrared Resonance Radiation

(Abstract)

Kiyoshi Nakajima
(Received December 24. 1969)

The object of this paper is to describe the new type flame detector which is sensitive to infrared
resonance radiation.

The first part of this paper reports that flames of burning fuels, such as gasoline, alcohol, candle
and city gas commonly emit a considerably strong resonance radiation band of about 4,4, and that
the radiant energy of the band amounts to about one fifth of the entire radiant energy (see Fig. 4).

The second part is concerned with the flame detector based on the above-mentioned facts.As shown
in Fig. 8, a PbSe photoconductive cell which has high sensitivity in the above-mentioned wavelength
region, and field effect transister (MOS type) are used as detector head in a trial set. Furthermore,
an infrared bandpass filter is placed in front of the cell so that only the resonance radiation band
can be passed through. The trial set consists of detector head, electric low-pass filter, amplifier,
wave-shaping circuit, integrating circuit, etc., as shown in Fig. 6.

The detector can detect (1) 20 cm diameter pan fire of gasoline at a distance of 5m from the head,
(2) burning of a sheet of newspaper of about 1000 cm? at the same distance, and
{3) burning of a match stick at a distance of 50 cm from the head. The false alarm does not occur
by flashings of 500W-bulb at a distance of 50 c¢cm from the head.
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is illustrated.
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Fig.8 Distribution of dialy amount of precipitation (bar graph) and fluctuation of ground-water level

(curve graph) in the year 1968,

The upper graph corresponds to the well

{(well No.29315)

which has the small coefficient of transmissibility and the lower one to the well{well No. 30205)
which has the large coefficient of transmissibility.
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Hydrological Investigation on Unconfined Water
as a Source for Fire-Fighting

(Abstract)

by Yoshizumi Hosono

(Received December 26, 1969)

A series of the hydrological investigation has been carried out with a view to seek the practical
methods by which the probable occurrence of the unconfined aquifer from which the desiradle amount
of water may be used for the fire-fighting can be determined.

The results obtained have revealed that the unconfined aquifer which satisfies the above-mentioned
requirement is in the hydrological environments specified by the following conditions.

1) The coefficient of transmissibility is in the order of about 10 cm?/min as confirmed by the aquifer
test.

2) The ground-water table shows recess in the ground-water table contour map.

3) The amplitude of annual cycle of the ground-water level is extremely large.

4) The amount of fluctuation of the ground-water level caused by the rainfall is relatively small or,
in the extreme case, negligible.

As the technique of boring for making the well, an efficient pumping capacity and a large
transmissibility may be obtained by the installation of a suitable strainer covering the whole depth of
the aquifer.
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