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Fig. 1. Relation between preburn time and quantity

of solution required to extinguish model fire.

O Water, ¢ Loaded Stream (K,CO3 35%)
AMonoammonium Phosphate 20wt%

(Black Mark: Reignition occured)

Model fire: sticks 3.5 x 3.5 x 45 cm in size, 6 sticks
per layer, 7 layers high.

Discharge rate: 0.80%/min.
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Fig. 2. Relation between discharge rate and quantity
of solution required to extinguish model fire.
(a) Water (b) Monoammonium Phosphate 20wt%
® completely extinguished
A reignition
arrow mark: not extinguished
Model fire: sticks 2.5 x 2.5 x 35 c¢m in size, 6 sticks
per layer, 10 layers high.
Preburn time: 2.5 min.
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Fig. 3. Variation of quantity of solution required to
extinguish model fire with the value G+V.
Fig. (a), (b), and (c) show results correspond to
cribs composed of sticks of thickness 1.7, 2.5, 3.5
cm, respectively.
AWater discharge rate 0.8 2/min.
O Water discharge rate 1.3 £/min.
¢ Diammonium Phosphate 20wt% discharge rate
0.8 ¢/min.
Black mark: reignition occured.
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Extinction of Fires of Small Wooden Crib
With Sprays of Water and Some Solutions.

(Abstract)

Hajime Kida
(Received June 30, 1972)

The factors influencing the critical amount of water and some solutions required to
extinguish small wooden crib fire were determined. Sprays of liquid were applied manually at a
predetermined rate through a nozzle to each side of the burning crib. The required quantity of
liquid was measured for various degrees of fire intensity obtained by varying the size of sticks,
number of sticks per layer and height of the crib. The effect of preburn time on the quantity
of liquid was also examined.

Fig. 1 shows the relation between the preburn time of the model fire and the required
amount of liquid. In Fig. 2 (a), (b), (c), the effect of application rate of the liquid on the
amount of liquid required to extinguish the model fire is shown. It was found that the burning
rate of the crib (V kg/min) and the weight of fuel lost (G kg) by the time when discharge of
spray was started had very important role on the amount of liquid required to extinguish the
fire, Q (2) The measured value of Q is plotted against the value of G-V in Fig. 3. The data
obtained in this study were correlated by the following relations:

for water Q = 0.90 (G-V)°°
for diammonium phosphate 20 wt% solution
Q = 044 (G-V)*5°

In this study, only limited data about the relation between the critical discharge rate to
extinguish the model fire and the intensity of the fire were obtained. It is considered that, to
determined this rate, not only V and G, but another factors, for instance V/W,, where W, is
the initial weight of the crib, must be taken into consideration.
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Fig. 1. The vessel used to determine the concentration
for flame extinguishment. A is a sliding top. B isa
door having glass C for peep into the vessel. Disa
floor having holes to introduce air. It has an
another sliding floor to shut off air.
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Fig. 3. The illustration shows the decreasing of
oxygen concentration as going into flame zone of
diffusion flame. The curve a is the range of
explosion for oxygen concentration a. Therefore,
the curve for diffusion flame extinguishment
becomes to curve ABCDE. Then the concentration
for flame extinguishment can get as the maximum.

Table 1. Comparison of concentration for two methods
Concentration |Concentration
Fuel for flame for inerting
extinguishment | by explosion
by this method method
Acetone 19 26
Benzene 23 31
Diethyl ether 24 38
Ethanol 24 36
Ethyl acetate 20 —
Hexane 19 29
Methanol 29 26
Methyl ethyl ketone 20 -
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Table 2. Concentration of various extinguishing agents for flame extinguishment applied to flames of various fuels

Extmgul:lgl;gt Nitrogen g ;’}(’ i?i x; Halon (%) . Dry .Chemlcal @/
fuel @ | @ [1301 (1211 [1011 [2402 |SHum |Potassium Phosphate |y pney
Acetic Acid 12 8 1.0 | 1.2 | 1.0 | 0.3 0.21 0.11 0.11 0.07
Acetone 29 21 31 [ 3.7 |36 |21 | 0.21 0.13 0.13 0.09
Acetonitrile 11 9 21 |23 |32 1.2 0.22 0.14 0.15 0.11
Acetylene 42 35 70 | 7.2 | 87 |52 — - - 0.17
Acrylonitrile 32 24 35 |43 |53 | 34 0.25 0.20 0.21 0.15
Aniline 18 13 1.8 |19 | 1.7 |09 | 0.18 0.13 0.13 0.08
Benzene 29 21 31 |31 [ 42 |20 | 025 0.14 0.16 0.10
Boiled Oil 28 17 1.9 |26 | 1.7 | 1.8 | 022 0.14 0.10 0.10
Butadiene-1.3 27 18 40 |39 |39 |24 | 042 0.19 0.18 0.13
Butanol-1 26 22 33 |37 |44 13 | 0.23 0.12 0.14 0.08
Carbon Disulphide 56 S5 7.8 | 3.1 |55 |20 - - - -
Carbon Monoxide 45 30 20 | 26 |55 | 1.6 0.20 0.16 0.14 0.10
Diethyl Ether 30 23 39 | 44 [ 47 |29 | 022 0.13 0.14 0.09
Ethanol 33 23 3.5 |41 | 40 |23 | 0.29 0.13 0.15 0.08
Ethyl Acetate 31 21 26 (30 {31 |15 | 018 0.12 0.13 0.07
Ethylene 31 25 44 |46 |55 |30 | 0.24 0.16 0.14 0.12
Gasoline 30 19 35 |38 |46 |23 | 0.28 0.13 0.14 0.10
Hexane 27 20 3.2 139 |43 |21 0.28 0.13 0.13 0.08
Hydrogen 62 51 12.7 |16.8 [11.7 | 9.0 - - - 0.37
Kerosene 27 17 25 129 |32 721 | 022 0.13 0.14 0.09
Light Oil 29 18 25 |30 |23 (18 | 021 0.14 0.13 0.10
Methane 17 10 09 {13 {13 |08 | 0.13 0.11 0.12 0.09
Methanol 37 28 65 |73 | 7.0 | 44 - 0.18 0.22 0.10
Methyl Ethyl Ketone 33 23 35 |41 |42 |24 | 024 0.13 0.16 0.08
Monochlorobenzene 18 13 1.9 | 1.8 | 1.9 | 08 - - 0.13 -
Pentane 26 19 36 [ 35 |42 |25 | 027 0.15 0.15 0.11
Propane 20 14 1.9 |21 |25 |17 | 017 0.13 0.13 0.10
Propanol-1 22 18 3.0 [ 3.7 |40 |25 | 0.23 0.15 0.13 0.10
Pyridine 29 21 32 136 |41 |16 | 0.23 0.12 0.15 0.09
Rapeseed Oil 31 20 20 |36 |21 |20 | 022 0.11 0.13 0.09
Toluene 22 18 20 | 21 |27 {15 ] 020 0.13 0.13 0.09
Vinyl Chloride 20 15 29 | 28 [ 36 {19 — - 0.14 -
5. % &R
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Studies on the Required Quantity of Various
Fire Extinguishing Agents

Part 6. Results of the critical concentration
for flame extinguishment by a new method.

(Abstract)

Shuzo Yamashika

(Received Nov. 22, 1972)

A method of measuring a critical concentration of extinguishing agents required for flame
extinguishment in laboratory is described in this report. The method is a static one, and can be
used for fires of the gas, liquid, and solid fuel. The result by this method was compared with
that by Creitz’s one. An effect of oxygen concentration of surrounding air on the critical
concentration was investigated.

The vessel used is-shown in Fig. 1. Its volume was 73.3 liters. Air is permitted to enter into
the vessel from the floor, if necessary, and to flow out from the top. After introducing a
definite volume of extinguishing agent, the fuel is ignited, and let to burn freely till it is
extinguished by the mixing of increasing combustion products. The gaseous products in the
vessel were analyzed by gas-chromatography. In Fig. 2, the starting gas concentrations are
indicated by symbol x, and the gas concentrations at extinguishment are shown by various
symbols for different fuels. The concentration for flame extinguishment in normal air can be
found out on this graph as the concentration of extinguishing agent at the intersection of the
line of the starting gas concentration and that of the extinguishing concentration.

The concentration for flame extinguishment was about two third of the inerting concen-
tration in explosion method. The reason may be attributed to the difference of diffusion flame
and premixed flame, i.e. to the decrease of oxygen concentration as going into flame zone of
diffusion flame as illustrated in Fig. 3.

The critical concentrations of various extinguishing agents for flame extinguishment of
various fuels measured by the method modified partially are shown in Table 2.
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Fig. 1. experimental apparatus,
R: vacuum tube type rectifier with a volt-meter
and micro-ampere-meter
Fuel: wooden crib
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Fig. 2. relation between applied electric field strength
E and leakage current I in flame,
Fuel: a. wooden crib
b. excelsior
c. gasoline
d. transformer oil
e. metylated spirit
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Table 1. Electric characteristics of flames

Fuel Alocmy) B(v A | elacm)| nleni®)
e xcelsior 6x10° [2x10° | 2x10° |1x10"°
wooden crib 2x‘lO6 'Zx10” 7x105 3x109
gasoline 1x10 [1x10° [3x10° [6x10°
transformer oil |4x107 2x10° [1x10° 2x10°
metylated spirit |2x10° [2x10'®|7x107 [3x10”
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Fig. 3. experimental apparatus

F: furnace with brick wall for burning wood

T: step-up-transformer (200V:100kV ¢« 10 kVA)

or {(200V:6kV « 3 kVA)

E variable-gap electrodes, consisting of cupper-
wires of diameter 5mm or 47cm2 vertical
parallel-cupper-plates.

Th: Chromel-Almel thermo-couple 1mm in diameter

B: blower controlled air supply

O: oscillograph

R: regulator (SkVA)
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Fig. 4. relation between electrodes gap D and average
current I in case that voltage across parallel plate
electrodes is 90V D.C.

a: flame temperature between 900 ~ 1000°C
b: flame temperature between 500 ~ 900°C
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Table 2. Arc discharge in flames

Flame Break down

Electrodes gap | temperature| voltage

15 cm 800°C 3 kv

15 ¢cm 800°C 4 kV

15 ¢m 800°C 12 kv

20 cm 800 °c 8 kv

20 cm 700 °C 10 kv

20 cm 800°C 6 kv
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Electric Conduction through Flame

(Abstract)

Shigeaki Itoya
(Received Dec. 15, 1972)

With marked growth in the utilization of electric power and the density of population in
urban areas, the number of buildings positioned close to high voltage lines is increasing, while it
is getting difficult to stop power supply even when a building fire takes place near such power
lines. Accordingly, firemen have often to fight fire near the high voltage live lines, exposed to a
possible danger of electic shock by way of fire flames.

There are many works on the ionization in flames, but hardly any of them deals with the
case of real fires with which firemen have to compete. Therefore, experiment on the ionization
of flames similar to actual fires have been performed, and the results are summarized as follows.

Electric characteristics of various flames of about 20 cm in diameter with D.C. voltage
applied to the electrodes immersed in the flame are shown in Fig. 2 and Table 2. It is
noticeable that the flames of burning woods show the higher electric conductivity than those of
other fuels.

Electric characteristics of flames were also measured for electrode gap ranging from 4 mm
to 1 m with A.C. application, the results of which are shown in Figs. 5 and 6. Through these
results, it is clear that the potential drop in the region close to the electrode for A.C. is very
small, and that the average volume resistivity will be approximately 100 kQ-cm. The A.C. arc
discharge voltage in flames will be about 1/50 of that in ordinary atmosphere.

Taking these facts into account, the firemen must be sufficiently cautious against the
danger of electric shock by way of flame when engaged in fire fighting practices near the power
lines.
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Fig. 1. Sketch of experimental apparatus. _310_ N (c)
1: Bourdon’s pressure gauge (A)
2: Nozzle
3: Autoclave Fig. 2. (A) Autoclave (B) Nozzle head and (C) Probe
4, 5: Insulator (polytetrafloroethylene) (Dimension: mm)
6: Electrode (brass piece of 3mm¢)
7: Stand
8: Window for observation
9: Experimental chamber

10: Reinforced concrete wall
11: Electromagnetic oscillograph
12, 13: Vibrating reed type electrometer
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Fig. 3. Charge distribution on axis of a steam jet.
Q: Collected charge on the probe.
D: Distance on the jet axis.
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Fig. 4. (a) Charge distribution on axis of a methyl
alcohol vapour jet.
Q: Collected charge on the probe.
D: Distance on the jet axis.
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Fig. 4. (b) Charge distribution on axis of an acetone
vapour jet.
Q: Collected charge on the probe.
D: Distance on the jet axis.
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Fig. 5. (a) Charge distribution as the point of 50cm
from the nozzle in the vapour jet axis of methyl
alcohol.

Q: Collected charge on the probe.
Dy: Vertical distance from the jet axis.
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Fig. 5. (b) Charge distribution at the point of 50cm
from the nozzle in the vapour jet axis of acetone.
Q: Collected charge on the probe.
Dy: Vertical distance from the jet axis.
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Fig. 6. Relationship of static charge versus the vapour pressure, at the point of 50cm from the nozzle in the jet axis.
Q: Collected charge on the probe.
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Material C%lrl)e(t':lt]‘zdpigigge m?)lr;r)lgfts Molecular Bpoolﬁlrig Critical point

C/s) (D) weight ©0) €O, (atm)
0-Xylene 0.4 x 109 0.62 106.17 142
m-Xylene 0.4 x 109 0.37 106.17 139
p-Xylene - 0.1 106.17 138.4
n-Butyl alcohol 185 x 1079 1.63 74.12 117.5 288 49
i-Butyl alcohol 10 x 1079 1.63 74.12 108 265, 48
sec-Butyl alcohol 8 x 109 1.65 74.12 98.5
tert-Butyl alcohol - 1.66 74.12 82.5
n-Propyl alcohol 320x 1079 1.657 60.10 97.15 264 50.2
i-Propyl alcohol 20 x 1079 1.682 60.10 82.4 235.6 , 53
Ethyl alcohol -60x 10% 1.67 46.07 78.3 243, 63
Methyl alcohol -70 x 1079 1.69 32.04 64.65 240.0 , 78.5
Acetone 80 x 1079 2.85 58.08 56.3 235.5 , 46.6
Benzene 0 0 78.12 80.13 289 48.6
n-Hexane 0 0 86.13 68.8 234.7 , 29.9
Carbontetrachloride 0 0 153.82 76.68 283.2 , 45.0
Water ~-100 x 1079 1.85 18.2 100 3742 , 2183

Table 1. Collected charge on the probe at the point of 50cm from the nozzle in the jet axis (the

discharge pressure of 50kg/cm?) and properties.
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Experimental Study of Static Electrification
of High-Pressure Vapour Jet(I)

{Abstract)

Masashi Kawasaki
(Received 18, Dec. 1972)

The electrification in the vapour jet of various liquids was studied.

The vapour was discharged from a nozzle of diameter 0.5 mm set at the wall of the
enclosed vessel, in which the vapour pressure was elevated to about 100 kg/cm?® by heating and
vaporizing the liquid. The electric charge generated in the jet was collected by a probe of a
brass electrode of 3 mm in diameter. The charge quantity per second at various points in the
vapour jet of 16 kinds of liquids was measured in the pressure, range 10-80 kg/cm?®. The
humidity of ambient atmosphere was kept constant during the experiment.

(1) The electric charges, collected per unit time (s) at the point of 50 ¢m from the nozzle in
the jet axis at the discharge pressure of 50 kg/cm?® were: about 0.4 x 107° C for o-xylene; 0.4 x
107° C for un-xylene; very small for p-xylene, 175 x 107° C for n-butyl alcohol; 10 x 107 C for
i-butyl alcohol: 8 x 107 C for sec-butyl alcohol; 320 x 107 C for n-propyl clcohol; 20 x 107°
C for i-propyl alcohol; 80 x 107° C for acetone; 70 x 107° C for methyl alcohol; 60 x107° C
for ethyl alcohol; 100 x 107® C for water. They have all dipolemoments. However, vapours of
benzene, n-hexane and carbon-tetra-choloride which have no dipolemoments, were not elec-
trified.

(2) The charge increased with the vapour pressure in most liquid, except the acetone and
n-butyl alcohol.

It seems that the electric charge in the jet vapour is related to the dipolemoment of the
liquid.
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