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Fig. 1 Silicon controlled rectifier (SCR).



Table 1 Maximum ratings and characteristics of SCR’s
Type 2SF 12 2SF 102 2 SF 403
Maximum Allowable Ratings
Peak Inverse Voltage 100 100 100 Volts
Min. Forward Breakover Voltage 100 100 100 Volts
Transient Peak Inverse Voltage 150 150 150 Volts
Average Forward Current 6.5 0.3 1 Amperes
Peak Surge Current 50 15 17 Amperes
Peak Gate Power 5 0.1 0.1 Watts
Average Gate Power 0.5 0.01 0.01 Watts
Gate Current 2 0.2 0.2 Amperes
Gate Voltage 10 6 6 Volts
Operating Temperature _4OOC;?25CC —40 C_:?250C _650C_:?250C
Characteristics
Max. Gate Current to fire 2.0 0.5 1.0 Miliamperes
Max. Gate Voltage to fire 2.1 1.0 0.8 Volts
Min. Gate Voltage to fire 0.2 0.2 0.25 Volts
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Fig.2 Operation characteristics of
rectifier circuit.
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Fig.3 Basic circuit for a firing of SCRqe.
Qs, switching transistor: UO, unijunction

transistor oscillator: Ea, retified voltage:
Ey, bias voltage: Ea, dry cell voltage.
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Fig.4 Basic SCRge turn off circuit.
TD, time delay circuit: ST, Schmidt
trigger circuit: D, differentiation
circuit: PA, pulse amplifier.
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Graph (A) shows the voltage induced on wiring. Curves are obtained for circuit

(B). The heavy line shows the values measured on wiring of 73 meters in length.
Other lines show the values measured on wiring of 34 meters in length, which
attaches to the inner walls of the electric power station of Fire Research Instit-

ute.
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Receiving Panel of Firm Alare Systems using
Semiconductor

(Abstract)
By A. Watanabe, T. Yamagiwa and M. Kawasaki

(Received 14 December 1964——Revised 9 April 1965)

Recent developments on semicoductors have shown that static ralays will take the place
of electromagnetic relays in the control systems.

This paper outlines the trial construction of a receiving panel which may be used for
private fire alarm systems operating on non-coded signals, and gives the methods for
solving the problems which may arise in case of using static relays for fire alarm system.

In designing the trial set, efforts were made to accomplish a reasonably low cost for
construction, while taking the design conditions based on the present Stadard for Fire
Alarm Systems into account.

Silicon controlled rectifiers (SCRs) are used for the switching elements in the trial set.

In Japan, dry cells are used as the auxiliary power supply for private alarm systems.
Fig. 3,4and 5shows a power transfer relay circuit which minimizes power dissipation
of dry cells under normal conditions.

When the power switch is ON, a surge current flows through the equivalent capacita-
nce of the wiring. In addition to this, an induced voltage occurs at the input of the rec-
eiving panel, as shown in Fig. 6.

The supervisory relay circuit is divided into a driving section, which is equivalent to
the electromagnetic coils of usual relays, and the indicating sections with SCRs. (See Fig.7)

To drive the SCR gates without an expensive voltage stabilizer, a blocking oscillator
with low output impeadance is suitable for the gate power source.

Further, OR gate is used in the indicating circuit. If the numbers of the supervisory
circuit (FAN-IN) are over 40, use of silicon diodes is desirable for OR gate.

In spite of the use of semiconductors, the power effciency of the trial set has proved
by no means high. This is due partly to the inevitable use of many shunt resistances
in the circuit and also to the tentative use of ordinary lamps and bells for the indicator.
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left-side picture is of before the test
and the right-side after the test.

ZOMREL 50kg/m? BEDOARIAD 5 & X ORKE
FWKE, FRREBOBMKEEYHELLLOTH B,
Wy = o> 800°C 30min DBEEIFIC L 5 MBE B/
KBRDOBEEEMENEM & 3 5, MAIZEL ULIFHRD
L, THCHEMYEE, FEAAS LT OMEBE L
oo THILERBEOMMMBUTL BHILT DD L, EE
DRKDBHFLFHDONFEF A LOTERIZE~NT R,
THED LOEEI T b DI EEL BB LTH

Photo. 2 The electric furnace used for the test.
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Hagling temp”

Temperature

G 5 [f] 15 20 min

Fig. 1 The temperature-time curves of the
test-sample of the lead-shielded con-
tainer heated at 800°C 30 min.

——— Temp. at the surface of the test-
sample.

——————————— Temp. between iron and lead.

-—-- Temp. at 15 mm in depth from the

surface.

—--— Temp. at 55 mm in depth from the
surface.

———— Theoretical curve of temp. between
iron and lead.
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Fig.3 The calculated temperature-time curves
at the boundary surface betwee iron and
lead for various sizes of shielded con-
tainers coated with iron 5 mm in thick-
ness. So far as to the curve marked
with the sign * the thickness of iron
is 10 mm.

Table 1. The time required until lead begins

melting and the time it finishes

melting for lead-shielded containers
of various sizes.

-
The :

~ Apporo- [ The time' The

. . The ximate when e
E}élscsk' _thickness weight : lead f;?ﬁ:‘gfg
of iron of lead i of the begins meltin

i rcontainer; melting g
cm cm kg| min  min

0.5 | 3 10 9.4 12

|

0.5 5 20 ! 13 17

0.5 | 10 100 | 17 22

1.0 10! 100 21 27

0.5 15 ¢ 500 27 37

0.5 | 20, 1,000 I 30 . 42

0.5 ’, 30 3,000 ! 38 54

|

DEABRIAE LA,  Fic 12 R SRR TEIZ 2R%D
foo FOfEFA Table 1 2R3,
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DT, PNETHDD E, FOHENERAMDERFT~N
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DFBIZ X W EROST- B Y, BEINEAT
WRERDNDTH B, —HE2E(AES EUIFEIR TE
B3N TV 2RBTHLEIRIE-T 2 BORIE R TSRO
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Fig.4 The temperature-time curves at the
inside of the packages heated

Photo. 3 The can-type packages used for
transportation. at 800°C 30min.
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3.3 N BROMNEDOER

Fig.4 33 10 Photo. 4 7- L4 b B X 512 v B
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AT L, FRNRR, oM X ERmcERI A
BETIETAY P FOREADI T, TOBEIC X
S TLERPIMBUL &7e b 5 Do LiciioT, Ik

Photo. 4 Outside views of can-type packages

before and after the heating test. B v B GRS 2714 Y b~ T OBERHTS
',Z‘gﬁ;béo
4. MEECHETINERMERTERSIOOTICATA Y M—TORHRAE
4.1 RHEROAE KW 0. lee) @ 2T, T DEIY 10~100pc TH %,

BURRIEECHEXN T ARED» VALY T INBDT AV b= FEBIR L0 #NaClITER L
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B fTicy, MBFKERANTBH LIS CH 74 7 b THEL I b HVREIN D, BHEMNENTCEL IS
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Table 2 Rate of the leakage of radioisotopes from the can-type

packages after the heating test at 800°C 30 min.

‘ Appearances | Quantities of =~ Quantities of Quantities of

!
. [ . of can after = radioisotopes ! radioisotopes radioi_sotop.es
Kinds of packages i Nuclides the heating ' leaked out of ' contained in rt;rﬁlealgnc;gnm
S ! tésts o the pa?kage%s : the pac}iinrg “bottle
crashed | 43.39 | 31.19% ‘ 25.6%
The can with paper 2Na : - - - . e
packing and the | expanded | 0 | 35 | %5
small bottle B S I
82Br ’ crashed ’ 56.8 ‘ 42.0 ‘ 1.2
The can with ver- 24Na ‘ expanded 1 0 i 0.1 ‘ 99.9
miculite and the |— — 1 - ‘
small bottle By ‘ expanded | 8.3 ! 56.7 ‘ 35.0
The can with paper i
packing, a lead- !
pot and the small 82Br ‘ crashed ‘ 55.0 i 45.0 0
bottle - I L I
*TAY— TORKEREY [T 5 1o DB Lic BAIEN AL ERE, EERET 4 02— (HAGHE
AFCTH B, TOLEBEILERE, KON, MREE M) R TREFBREIRD,
T ER KEEEUREHITH I EMNTED, i Ty LT T ACAR) VEROEYRHICERTS
FOREEAT V VAR TCTECH5DT, ER DT, HVEMOIMUZ v BOKRMBEELZ &
BORPITRETH Ho MEEF % CLHSIEDE % Ly, ABRROTA Y - TEEHEETE b,
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Table 3 Rate of the leakage of radioisotopes from the improved can-type

packages after the heating test at 800°C 30 min.

i Quantities of

“Quantities of

-
i Quantities of | radioisotopes | Quantities of
. . radioisotopes | radioisotopes contained radioisotopes
Kinds of packages t Nuclides ' leaked out of | contained in between the remained in
, the packages the packings | iron-tube and jthe small bottle
I the small-bottie
The can with paper I 5
packing and the 82Br ; 6.7% 23.3% - 70.0%
small bottle ; !
The can with paper :
packing, an iron-tube 82Br | 1.3 7.5 82.5 8.7

and the small bottle | |

Photo. 5 A view of the improved can-type
package. The package is used
puting the iron-tube in the can.
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Spacing materials:

Co, Al Fe
800°C 30min

800°C 1h

Co Al
1000°C 30min 1000°C 1h(Single Capsule)

Photo. 6 Outside views of capsules after heating test.
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Fire Resistivity of Radioisotope-Containers

By T. JIN
(Received 28 December [964——Revised 24 July 1956)

We performed several tests and theoretical calculations for evaluation of fire resistive
performances of containers for keeping of carrying radioisotopes. A test-sample of a
shielded container made of lead of cylindrical type of 90 mm in diameter and coated
with iron-plate on its side and bottom surfaces was heated by an electric furnace at
800°C for 30 min, which might be considered as equivalent heating with those produced
at fires (see photo. 1, 2). Temperature-rises on the surface and in the wall of the test-
containers were measured through thermo-couple during the test (see Fig. 1). the outer
most part of lead which was in contact with the part of iron reached melting point of
lead 327°C and began to melt in 9 min. The melting of the part of lead lasted about 3
min. Using the results of the test and the theory of heat conduction, we calculated, for
various sizes of containers, the time required until the part of lead begins to melt and
also the time it finishes melting. Results are shown in Fig. 3 and Table 1. We found
that containers having diameter smaller than 400 mm are not surely safe and the larger
ones are perfectly safe with the alove mentioned standard heating.

Radioisotopes of small quantity of not larger than 100 mc, generally used for a small
radiation source or tracermethods, are transported in such packages as constituted from a small
bottle, paper or vermiculite packing and sealed can in Japan (see Photo. 3). Such packages
were heated at 800°C for 30 min. Temperature-rises were mesured as shown in Fig. 4 In
this case, paper-packing was completely carbonized or burned and the temperature of the
bottle reched 800°C, lead-pot being wholly melted in case when it was used in the package.
But the small bottle did not melt nor crash during the tests (see Photo. 4).

Leakages of radioisotopes from the packages of can-bottle type were examined after
the fire-tests. At the tests, aqueous solution of 2*NaCl or NH,Br 0.1~! cc having
activity of 10~100uc had been sealed in the bottle before the tests and the cans were
heated to 800°C for 30 min, in radioisotopes-burning-furnace. Results on ?*Na and on %Br

are shown in Table 2.
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Evaluation of Extinguishing Power of Fire-Fighting

Foaming Compounds in Case of

The Small Scale Fire Test
By Rokuro Nii
(Received March 3. 1965)

1 Introduction

A series of investigations(:®,¢,® concerning the heat resistance and the fluidity of
fire-fighting foams has been carried out at the writer’s laboratory. In addition, in order
to discover the relationship between these physical characteristics and the extinguishing
power, a series of extinguishing experiments on actual fires of various kinds of fuels
was required. In order that identical experimental conditions could be reproduced a
U-shaped vessel (called “U-Wanne” in Germany), 0.5#x1.0mx0.3m (See Fig. 1) was
used. The burning characteristics of several kinds of fuels (7. e. the burning velocity
and the radiant intensity) in the vessel were investigated before the extinguishing
experiments.

After the preliminary burning experiments a series of extinguishing experiments was
performed using a small scale mechanical foam nozzle® in order to obtain information
about the quantity of foaming solution required to control the fire. Each foaming so-
lution was prepared from a protein-based foaming compound which is available in the

Japanese market.

2 Burning experiment (Preliminary experiment)
2. 1 The experimental method

The experimental apparatus is shown in Fig. 1. At first, the vessel is filled with
water to a depth of 10 em(about 507), and then 10/ of a kind of fuel(or 207 in the case
of gasoline containing no alkyllead) is floated on the water.  As soon as the fuel was
ignited, the burning velocity of the fuel and the radiant intensity of the fire were mea-
sured. The radiant intensities at the two positions which are shown in Fig. 2 were

measured by radiometers (No. | and No. 2).

2. 2 The experimental results

The details of the radiant intensity, the burning velocity and other quantities for each
fuel tested are shown in Figs. 3, 4, 5, 6 and Table 1. The maximum radiant intensity in
the fire of industrial benzene (abbreviation: fuel B) was the largest of all of the fuels
used. The maximam radiant intensity in the fire of the other fuels decreased in the
following order: Gasoline containing no alkyllead (fuel GN), 75 octane gasoline containing
alkyllead for automobile (fuel G), kerosene (fuel K), and industrial methylalcohol (fuel
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a M). From Fig. 3 it is clear that the radi-
ant intensity in the fire of a fuel does not
depend upon the quantity of the fuel used.

¢ n The fact that the burning velocity in the
T ] : / vessel of gasoline containing alkyllead de-
30% =::__—:::_::‘:-:—-?:-:§::: / 3 pends on the half-length (25 cm) of the
500 g N Radiometer
, No.1 &
! Aﬁ T No.2
7 TI7TIIIIrI7rd 777 17y 7 777 7 7 7 7977717

: 7 1
«250 , 5m

1

———| 1 ¥
) ! 7777777 777777777 77777 TTET 77 77
:5 o}l 500 No.1 T<—Radl‘omeier
T HRES !

RN | B

30 x No.2

m /

b—— 1000 —n 2070

Fig. 1 The experimental apparatus
a; curved pipe, b; foam -
distributor, ¢ ; U-shaped vessel, d ;
rack for supporting the vessel,
e ; glass tube, f ; polyvinylchloride
tube, g; three-way cock of the fire

Fig. 2 Arrangement of radiometers for
measuring the radiant intensity

30r «103cal/em2.sec
20[

&8
T T

\.
R
L

Radiant inlensity of the fire

2+
jok ymbol  Curve No

» 1 GN-201-1 \
8k & 1 GN20(-2

e I GN-10-1
sk o GN-I01-2
4 -
24

- z

0 2 4 6 10 2 4 6 18

Time after ignition Min
Fig. 3 Radiant intensity of the fire burning freely of
gasoline cotaining on alkyllead (fuel GN)
N. B. for example, Curve No. GN-10I-1: kind
of fuel-used quantity-radiometer No. in case
of the U-shaped vessel.
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| %107 col/am2.sec

upf

Radiant intensity of the fire

2t 4 Curve No.
10t ® S G101

i o GIgl-2
o ¢ K01
6 Y . S K-100-2

0 2 4 [ [ 10 12

Time after ignition Min
Radiant intensity of the fire
burning freely of 75 octane
gasoline for automobile (fuel G)
and kerosene (fuel K)

Fig. 4

N
\ ,
2 /s ' Lo !

aq y & P e *Scale out

=107 cal/eam2sec
8

Symbol Curve No.

Rodiant intensity of the fire

12¢
A GN-I0I-T
101 a :GNIG-2
sH x = B-0F
x ! B-IOF2
P + I M-I0F]
t M2

Time after ignition Min

Fig. 5 Radiant intensity of the fire
burning freely of industrial
benzene and methylalcohol in the
U-shaped vessel and of the other
fire of fuel GN in a square
vessel (0.775mx0.775m % 0. 3m)
N. B., for example, Curve No.
GN-101-1’: kind of fuel-used
quantity-radiometer No. in case of
the square vessel.

Reading of fuel (eve!

1 1 ! 1

0 F 46 6 1072 % 1618
Time after ignition,  Min

Fig. 6 Relation between time after

ignition and reading of fuel level

burning in the U-shaped vessel.

1 kind of fuel

Curve No-_(in abireviation) US6d uantity
1 GN 201

77777 2 GN 107

s 6w

R R S T

s B[ w0

shorter side of the vessel can be verified
by refering to the results of Blinov, V. L
et al.®® and Burges, D.S. et al.®” who show
that the burning velocity of gasoline in
the pan of 25¢m diameter is about 2.0
mm/min. This fact was verified also in
case of fire using some hydrocarbons on
the model water surface. ® 4.0m x 10.0m.

When the square vessel, 0. 775m x 0. 775m
x 0. 30m was used, the radiant intensity in
the fire of the same fuel (GN) was larger
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Table | Burning characteristics of the small scale fires

T T "~ | Mean value of | . .
Fuel Time, at which! Dimen-
- Burn- | the max. ra- i 15064 to thel sions of]
ing diant intensity max. radiant Curve burn-

. Used | velo- Of,‘;he flr? X lintensity of the! No. in |ing Remark
Kind Quan- | city 10" *caljcm®.sec | o ) vessel
(Symbol) tity radio- | radio- | figure

mm|min| meter | meter : .
R No. | | No. 2 ¢ o |umit:m
Gasoline i GN-20L-1
containing g -201-
no alkyllead 20 L7 21.6 25.0 | about 370" | <2 Fig. 3
(GN)| L
; | -201-1 |

» G| 10| LT | 206 | 20 | 2 130730 o Fgg 5|
75 octane o T o ; 0 | 0,50 0
Gasoline* G-101-1~ " 0.50x
for automo- 10 1.7 26.8 24,2 2 330" iz in Fig. 4‘ | 00 '
biles (G) ! v :

A "!7 O 0.30 l
Kerosene (K) | 10 | 1.3 | 23.0 | 19.4 | » 5307~6 i%lf}‘jg’j}i ‘
Industrial s B-101-1~ l |
benzene (B) 10 1.9 28.6 22.4 7~ 50 2 in Fig. 5‘ ‘.
- _ R R (R |
Industrial M-101-1~ ‘
methylalcohol| 10 | — | 3.4 | 29 |4 5507 :1‘24 X O;}g‘ ; 2
Gasoline more | more |GN-101-1"] 0. 775 %
containing no 10 —— | than than 2 1'30"~2'30" ~2 in 0.775 x| 3
alkyllead (GN) 30.0 30.0 | Fig. 5 0.30

* . containing alkyllead

1) : 10 liters of each fuel was floated on a definite quantity of water (10em in
depth), so that the fuel surface is about 12c¢m above the bottom of the
burning vessel. And then the fuel was ignited.

2) : 10 liters of the fuel was not floated on water, but directly on the bottom
of the vessel.

3) : in almost the same method as mentioned in 1)

than that in the U-shaped vessel. This is due to the higher burning velocity in the former
vessel; which, in turn, is due to the side length of the former (square) vessel being greater
than the half-length of the shorter side of the latter (U-shaped) vessel. The maximum
radiant intensity in the fire of the methylalcohol was about one-tenth of that of the
gasolines.

3 Procedure of the extinguishing experiment

From the results of the burning experiment (2.2) a convenient quantity of each fuel
to be used in the extinguishing experiments was determined to be 10/, The fuels GN, G,
and M were used in the extinguishing experiment. The preburning time, during which
was permitted to burn freely before application of foam, was 3 minutes for the fuel GN
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Table 2 Details of experimental conditions of foaming compounds
used in the extinguishing experiment

| i Concen- Foaming
Sample Manu- | Datum ’gzzuur?ac-| Storing | tration of  characteristics*
No. |facturer| received tured condition | foaming |Expan- 125(50)%
| { solution " sion [drainage time
l ! . | T T
DA | 20463 1262 | APPSR | 5 | 65 | wsear)
! | l :
2 | A l 364 — P | 3% ) 58| 20367
I i . i
| | | . . ; |
30 B | 3et] — | R e IR - U217 O)
! ' e E
‘ j ' | less th
4 ‘ C | 269.621 — p 3% 1 46 T on
! ! | ! / -
| ; in a polyethylen | .2 | less than
Z } ¢ | 13.3.63 1.62 vessel, indoors i 3% ! 473 | 17072 0
| ‘
i

| | 18.6.631  4.63 | P | 3y 6.5 ; 1307(4'177)
L | | | i o B L
#loa | e se | P 39 | 57 |less than
| . 4. 1 . l 0 . . 1/ 0”(2’20”)
8 ’l A 12.7.621 4,62 ! v 69 | 5.4 } 42071230
L | o | I T e
t
o | D | 18663 563 } P 69 | 57" 3m3900130m
! R i (
) ) R - ., T, T T, T | T
10 | E ; 30,1163 3.57 ’ 69 ' 5.1 ' 25078307
1, B | 5762 662 P 69 5.4 23579 07

| ! 1 \ ’ I
*. The small scale machenical foam nozzle (F.R. 1) was used, and the discharge
pressure was 7.3 & 0.1 kglem?
+: The foaming compound is used for fires of water miscible solvents
and should not be premixed in the regular use.
The period of the experiment: 14.9.64 to 25.9. 64

and 5.5 minutes for the fuels K and M. As soon as the preburning time had elapsed,
the foam which was produced in the small scale mechanical foam nozzle was applied gent-
ly to the surface of the burning fuel through the curved pipe and the foam distributor.
The rates of application of the foaming solutions were 12.5 to 16.0 and 5.1 to 7.5l/min.
During application of foam the radiant intensities of the fire were meaured by the
radiometer No. | and No. 2, which had been fixed in the same positions as in the burning
experiment. Foam produced in the mechanical foam nozzle was tested by using a [80mmep
x 50. Omm vessel for its expansion and drainage rate immediately before the extinguishing
experiment. At the same time, rate of application of foaming solution was measured by
using a graduated polyethylen bucket of 35/ capacity. The details of the experimental
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Index number of fire control, K

conditions and results are shown in ZTable 2. The expansions of the foam samples were
4.5 to 6.5.

Based on the reduction of the radiant intensity of the fire after application of foam, an

index number of fire control, "K', was defined as in Equ. (1):

K= (Eunix — E) [ Emex = | — E [ Enex L

where "En.< in the average value of the maximum radiant intensity of the freely burning
fire as measured at a definite distance from the center of the vessel and "E’ is the
radiant intensity at any time while the fire is being brought under control as measured at
the same location. In Equ. (1) when K = 0, it means that the fire has not been controlled
at all, and when K= 1, it means that the fire has been completely controlled or
extinguished.

For convenience sake the index number of fire control K is hereafter called the "K
number.”

The time required to attain to predetermined values of the K number were determined
by experiment and the quantity of the foaming solution required to obtain these values
of K number (@) were calculated from the relation: @’ = time required to obtain the K
number x rate of application. The K number and log @ could then be plotted on a semilog-
graph.

About 5 minutes after the extinguishing of the fire a hole bemex 5cm was cut out of the
foam layer at a place where it had its mean thickness exposing the fuel surface and then
the fuel was re-ignited with a match. The time at which the area of the fire had

enlarged to the area of 25cme x 25¢m, was measured. This time was defined as "burnback
time.”

4 The results of the extinguishing experiment

4. 1 Gasoline (fuel GN)

The relationship of the K number versus log @ for the 3 % fype foaming compounds is

1 o x 1
Rate of application: 16.1 1/ min _8: Rate of application: 7.5 I/ min
2/3 s 2/3F
o)
1/3 % 173f
2
- 2
) 3
£ i £ 0 A 3 N 5 —
03 05 1 3 5 10 15 20 03 05 1 3 5 10 15 20
. ) ! l
Quantity of foaming solution to control the fire, Q Quantity of foaming solution to contro! the fire, Q
Fig., 7 Relationship of K number to Fig. 8 Relationship of K number to
quantity (in log) of foaming quantity (in log) of foaming
solution required to control the fire solution required to control the fire
of fuel GN at rate of application of fuel GN at rate of application
16.1 l/min in case of 3 % type 7.5 I/ min in case of 3 % type
foaming cmpounds foaming compounds.
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Index number of fire control, K

Index number of fire control, K

shown in Figs. 7 and 8 for foam solution application rates of 16.! I/min and 7.5 ljmin

respectively.

In both figures the relationship could be expressed by a straight line.

The relationship of the KX number to log @ for the 6 & type foaming compounds is shown

in Figs. 9 and 10 for rates of application 12.5 I/min and 5.1 [/min respectively.

In both

figures the relationship could de expressed by either a straight line or a bent line.

4.2 Kerosene (fuel K)

The relationship of the K number to log
Q is shown in Fig. 11 for the 3% type
foaming compounds and in Fig. |2 for the
6 % type.
could be expressed by a straight line.

In both figures the relationship

Rate of apptication: 125 I/ min

2/3

1/3

L J

15 20
{

Quartity of foaming solution to control the fire, Q

03 05 1 3 5 10

Fig. 9 Relationship of K number to
quantity (in log) of foaming
solution required to control the fire
of fuel GN at rate of application
12.5 I/ min in case of 69 type
foaming compounds

Rate of application : 5.1 (/ min

2/3fF

1/3F

0 L . 5 —
03 05 1 3 5 10 15 20
t

Quantity of foaming sofution to control the fire, Q
Fig. 10 Relationship of K number to
quantity (in log) of foaming
solution required to control the
fire of fuel GN at rate of
application 5.1 I /min in case of

6 % type foaming compounds

Rate of application:

.
£ 15.0 {/min
g3 TTTTT (A
® 8
g1 0"
2 Pt
3 2 7
=
LI g X
03 03 05 1 3 5 10 15 20 30
Quentity cf fozming salution to control the fire, Q !
Fig. 11 Relationship of K to quantity(in
log) of foaming solution required
to control the fire of fuel K at
rates of application 15.0 and 7.3
l/min in case of 3 % type foaming
compounds.
< 3
-5‘ Sample 1o 10
§ Rate of epplication :
L3 %7 4/ min
= L
5 .
> -
€1/3 o -7
2 -7
’-§ 0 i 1 L d :
0.1 [¢) 065 1 3 5 10 20 3¢
Quartity of foamirg soltion to cortrol the fire, Q !
Fig.12 Relationship of K number to

quantity (in log) of foaming solution
required to control the fire of fuel
K at rates of application 14.7 and
6. 6l/min in case of 6% type foaming
compounds.

4.3 Methylalcohol (fuel M)

The relationship of K number to log @ for
the 3 % type foaming compounds is shown
in Figs. 13 and 14 for rates of application
In both
figures the relationship of the K number

of 15.0 and 7.1 l/min respectively.

to log @ for the 6% type foaming compounds
in Fig. 15.
relationship could be expressed by either

is shown In the figure the
a straight line or a bent line.

The burnback fire did not take place in
the cases of the fuels GN and K, because
the mean thickness of the foam layer 5
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L .
Rate of application: 15,01/ min
3
1/3r
0 1 ! i L . . .
02 05 5 k} 3 10 15 20
|

Quantity of foaming solution to control the fire, Q
Fig.13 Relationship of K number to
quantity (in log) of foaming solution
required to control the fire of
fuel M at rate of application
15.0 lmin in case of 3% type
foaming compounds.

] -
Rate of opplication: 7.1 {/min
2/3F
1/34
7
0 A SRR |
02 05 1 3 5 10

15 20
i
Quantity of foaming solution to control the fire | Q
Fig. 14 Relationship K number to quanti-
ty (in log) of foaming solution
required to control the fire of
fuel M at rate of application 7. |
l/min in case of 3 %5 type foaming

compounds.

1
X
O

Rate of application: v

150 t/min Y

N
~
(%)

—
~
[

4 FUS] 1

15 20
1

Quantity of foaming solution to control the fire, Q
Fig.15 Relationship of K number to
quantity(in log) of foaming solution
required to control the fire of
fuel M at rate of application 7.0
and 15. 0 l/nzin in case of 6 % type
foaming compounds.

OO
w
w
(42}
vy
o

minutes after extinguishing was more than
12¢me. In the case of the fuel M the burnback
fire did not take place, when the mean
thickness of the foam layer 5 minutes after

extinguishing was more than about 3 cm.
5 Discussion

From the data of the extinguishing experi-
ments the relationship of the K number to
log @ can be expressed in general as in
Equ. (2,

K= a(og@Q — b (2
where @ is a constant having the dimensions
of (liters)™' and &
having the dimensions of liters.

is another constant

Now, in order to discover the relationship
between the ratio of the area covered with
foam to the initial uncovered area and the
quantity of foaming solution required to
cover the area in case of no fire, some
experiments were performed using foam
sample No. 2. The experimental results are
shown in Fig. 16 in which the relationship
can be expressed by a straight line whose
parameters vary with the rate of application
of foaming solution. Therefore, Equ. (3)

can be introduced.

S/S,=da(log@ — b") 3

£
3 1 ® o
=& Scemple No.2 e
o . . -
3 Rate of opplicction s
- 34tF 15.0 1/ min e
5 | —eee- ’
85
83 var
i

3
e& >

-

] o e . ;

03 05 1 2

[=]

3 45 10
1

QuunMy of foaming solution to cover the kerosene surface,

Fig. 16 Relationship between ratio of area
covered with foam to the initial
uncovered area, and quantity (in
log) of foaming solution to cover
the kerosene surface at rates of
application 15.0 and 7.0 lfwin in
case of the foam sample No. 2
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where S is the area covered with foam, S, is the initial uncovered area, ' is the quanti-
ty of foaming solution required to cover the surface, ¢ is a constant having the
dimensions of (liters)! and & is another constant having the dimensions of liters.

Now if we assume K = S/ S, and introduce a coefficient « which is defined by the
expression :

a=Q/e (4>
we can derive Equ. (5):

K = a {log Q' —(b—log a)) (5>
From the Equs. (3) and’(5) following relations can be introduced.

a=a and b—b =log« (6)

While, from Figs. 11 and 16 the numerical
Table. 3 The numerical values of the const.

values of @, a', b, ¥ and « can be shown .
e ants: @, b'; @ b and o in the case

in Table. 3. where kerosene and foam sample
The assumption mentioned above, that K No. 2 were used.
=S/S,, can be established at least in the case Rate of application b b | o« ' a ] p
of control of the kerosene fire. According- . lman AR R S
15.0 0. 82!0. 28 3.5tan42°tan4l°

ly, the meanings of the several constants;

@ and &' in Equ. (3); @ and b in Equ. (2) 7.0 0. 14!0. 14 1. 0tan28°tan28°
and « in Equ. (4) can be given as follows. : ‘

The constant a’ is related to the spreading efficiency of the foam layer, that is, the
fluidity of the foam layer on a fuel. The constant & is the quantity of foaming solution
required to begin to cover the fuel surace, or in other words, in relation to the foam's
resistance against breakdown action of the fuel at normal room temperature. The constant
a is related to the fluidity of the foam layer effective in insulating the flammable vapor
in the fire. The constant b is the quantity of foaming solution required to resist
against heat and hot fuel at the beginning of foam application. The constant « is a
multiple coefficient expressing the quantity of foaming solution required for controlling
the fire as a proportion of the quatnity of foaming solution required only to cover the
fuel surface with foam at normal room temperature. In the case of kerosene « has
values 3. 5 and 1.0 for the rates of application of 15.0 and 7.0 Il/min repectively. The
constant @ ane & depend on the rate of application of foaming solution.

Therefore, it is a requisite of an excellent foaming compound that the constant a be
large and the constnt & be small.

When we review the experimental results from the view point of the preceeding
discussion, we can obtain much information about the extinguishing power of each
foaming compound when applied to fires. For the 3% type foaming compounds used
in the experiments the constant a is almost the same for the rates of application 7.5
and 16.11/min in the control of the fire of fuel GN. In the cases of fuels K and M
where the rates of application is decreased, the constant @ decreases. Among the 6%
type foaming compounds used in the experiments, there are a few foaming compounds
for which the relationship between K number and log €@ cannot be expressed by a
straight line, although these foaming compounds are excellent in regard to their heat
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resistance at the beginning of foam application.

6 Summary

Because test results may be affected by the scale of the experiment we must make
clear in the future the limits of application of the results of these small scale experiments
by performing a large scale extinguishing test.

In regards to the extinguishing power of a foaming compound the resistance of the
foam to hot fuel and radiant heat is more important at the beginning of foam application
whereas the fluidity of the foam layer effective in insulating the flammable vapor of the
fuel is more important during the control of the fire.

The foaming compounds for petroleum fires can be applied also to methylalcohol fires,
but the limitations to their application to fires of the other alcohols and ketones should

be further investigated experimentally.
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Table 1 A #HEOEEE KT X
(Materials used in this experiment)
% 5| 1 e2 % o OE EooOo® 00® K P EE
Run | Specific Specific surface area dm : Mean
Chemical formula diameter
No. } gravity S. : (cm?/cm?) Sw : (cm?/gr) (w)
1 NaHCO, 2.21 13,200 6,000 4.5
12| Na,CO, 2,53 28, 000 11,100 2.1
13 NaCl 2,16 9, 600 4,400 6.2
14 | NaBr 3.20 7, 400 2,300 | 8.1
15 Nal 3.67 10, 800 2,900 | 5.6
16 Na,S0, 2.70 8, 000 3,000 7.5
18 Na,B,0;+10H,0 1.73 18, 300 10, 600 3.3
21 KHCO; 2.17 9,000 4,200 6.7
22 K.CO, 2.43 14,700 6,100 | 4.1
23 KCl 1.99 5,600 2,800 10.7
24 KBr 2.75 5,800 2,100 ’ 10.3
25 KI 3.13 7,300 2,300 | 8.2
26 K;SO, 2.66 12, 100 4,500 } 5.0
28 K;B,0;+5H,0 1.74 10, 300 5,900 5.8
29 K:C,0,+H,0 2.15 11, 100 5,200 l 5.4
20 KH«C,H,0s 1.96 11,800 6,000 5.1
33 NH,CI 1.53 5,000 3,200 | 12.1
37 NH,«H,PO, 1.80 9,900 5,500 | 6.0
46 (NH,):S0, 1.77 7,700 4,300 } 7.8
47 (NH,),HPO, 1.62 9,100 5,600 6.6
48 | (NH,),B0;e2H,;B;0,6H;0 2.17 18,400 8,500 | 3.3
49 (NH,)oC;0.H,0 1.50 8, 500 5,700 7.0
52 CaCO, 2.93 39,900 13,600 1.5
62 | BaCO, 4.43 41,000 9,200 1.5
7 FeSO,«7H,0 1.90 5,300 2,800 11.3
86 AlL,(SO)e+ 18H,0 1.69 7,100 4,200 8.5
93 | K Fe(CN); 1.89 18, 400 9,700 3.3
9% K,Fe(CN)ge3H,0 1.85 19, 500 10, 500 3.1
02 CO(NH,), 1.33 3,900 2,900 15.5
03 NH,+S0,+NH, 1.77 7,000 4,000 8.6
08 H,BO;, 1. 44 11, 600 80100 5.2
09 Si0, gel 2.26~2.65 | 50,000~65,000 | 22,000~24,000 | 0.9~1.2
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Figure. 1
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(Schematic diagram of apparatus)
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(Example of chart)
5E4&Mk (Fairly extinguised)
> &Mk (Barely extinguished)
kT pE (Not extingished)
Kiék (Record of flame)
TGO E (Record of air flow)
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Table. 2 {4 cmOFB BT 5RO KEH L RAMBEL LORIDLER
(Minimum extinguishing time, minimun discharge rate and minimum
weight required for the 4cm dia fire model)

' 5 1t ¥ EN mAOMKRERE BOf # B R R 4 0 EE
Run || Chemical formula gxtl\l/fllglllrlr;lﬁm b : Minimun discharge rate gz:ght l\;légtﬁlgg
No. | TE ey [(mg/sec) [(em? /sec) (MO | (mgn) | (mer)
1 NaHCO, 1.2 10 60 120 50 49
12 Na,CO, 0.8 20 220 190 60 63
3 NaCl 1.7 2.0 8.7 34 13 11
14 NaBr 1.3 3.3 7.7 32 17 10
15 Nal 1.2 3.4 10 23 17 17
6 - Na,SO, 1.8 1.1 3.4 8.1 8 8
18 Na,B,0;+10H,0 1.5 14 150 37 86 59
21 KHCO, 1.4 2.1 8.9 21 12 10
22 K.CO, 1.2 3.1 19 22 14 23
23 KCl 1.2 2.8 8.0 38 13 9
24 KBr 1.3 5.8 12 49 31 11
25 KI 1.1 3.3 7.7 20 14 9
26 K,SO, 1.5 1.5 6.8 8.6 9 2
28 K,B,0+5H,0 1.2 7.0 41 22 35 26
29 K,;C:0,+H,0 1.1 1.0 5.3 5.6 5 3
20 KH.C,H,Oq 1.5 | 4.4 27 24 27 16
33 NH,CI 0.8 36 120 670 121 115
37 NH,+H,PO, 1.1 1.2 6.8 11 6 3
46 | (NH,),S0, 0.8 31 130 230 100 81
47 (NH,),HPO, 0.9 | 4.4 24 33 16 9
48 (NH,):B,0,+2H,B,0,+6H,0 1.0+ 24 200 | 54 92 74
49 (NH,),C,0,+H,0 ‘ 2.4 2.5 14 ! 18 24 1 21
52 CaCo, ; 2.1 Le . 20, 16 . 13| 10
62 BaCO;, e . 40 ' 37 I 20 | 2 28
76 FeSO;7TH,0 1.7 . 21 v 16 98 | 184 147
86 AL(SO,)4+18H,0 1.7 ‘ 5.5 l 23 83| 37 32
93 K;Fe(CN); 1.0 1.7 16 5.1 \ 7 5
94 K. Fe(CN)¢+3H,0 1.1 i 2.1 22 5.0 9 1
02 CO(NH,), 1.1 1 24 ‘ 6 390 ' 104 91
03, NH,+S0;+NH, 1.5 1 12 48 110 72 74
08 H,;BO; 1.0 35 280 | 560 ‘ 135 77
09 . Si0, gel 2.2 | 13 280~320 - 116 | 134
* Calculated value : Quin=4ab #*  Experimental value

RERBRIISRT - T Do THEEHED LEHWH LD DO IIDEE, THHLOBERIOCHASHETLZI &N
B 5 LD TR AICHER, Table3, Tabled ¢ T %o

BoC, 4cmOAERDBHOER L &bz, H(Figure F72, Qun=4ab Ofik, EHRC XV BELRICTEDID
6, Figure7) i LCH 5. JOKZIFIFRIBE O & % Wik EkR T, Table2 ~ 4 ORKWIT TH
B EZ BT T T, LAY, KIS ERIEREORIE TERE—FH LTk
BHOBEN MR LT B DL H B, KEIT COELBLRABHETA I EANTE S,
BOTERNETLTOB LI S5CRAL B, T LTHEBHAK Fiebb, HEEBREIR TS, Y2VEBs Y
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Table. 3 ({8 cmDARIT T 5P KRE L BAFRES LURDLER

(Minimun extinguishing ti

me, minimum discharge rate and minimum

weight required for the 8 cm dia fire model)

# 5| f e X |BowwE| m R #& @ X | RO 2 E R
a: Minimum ' @umin : minmum
Run 1‘ Chemical formula extinguish- b: minimum discharge raFe 1 weight required
exting ‘
No. | ing time (mg/sec) ‘(cm2/sec) \(mol/sec 5‘ (mg*) | (mg™**)
i (seo)
11 NaHCO, 0.8 10 650 | o| 340 | 260
21 KHCO, 1.2 29 ! 120 | 200 | 140 180
2 | K,SO, 1.6 62 . 280 | 360 | 400 | 310
29 K,C,0,+H,0 1.2 33 ] 100 180 0 160 130
37 NH,+H,PO, 1.1 89 ‘ 490 | 770 ‘ 400 | 420
93 i K:Fe(CN), 1.3 27 260 83 | 100 100
94 K,Fe(CN)ge3H,0 0.9 19 | 200 44 100 110
* Calculated value : Quin= 4ab *#*  Experimental value
Table. 4 TEHEI6cmDAIT Wi+ 5 RN K & BAELKS I ORIV EER
(Minimun extiguishing time, minimum discharge rate and minimum
weight required for the l6cm dia fire model)
S S . i e _
#H B | it == Y iny;&?ﬁkb?ffull ey A Bt i 2 04w EE
o a: Minimum | , . vs:_ . " Qmin : Minimum
Run ‘| Chemical formula gxtirtl_guish- [717 : Minimum dlschalrihfifa_te_17‘7)‘{22&,E required
ing time i R f 1 .
No, | (soey |(me/secy ((em? fsec) (MOVSEE T (mgsy | (mgo)
1! NaHCO, L1 300 | 1,800 13,500 | 1,340 i 1,150
21 . KHCO, L5 170 720 | 1,700 | 1,050 | 1,280
2 | K,S0, 1.0 | 330 | 1,500 | 1,90 | 1.360 l15m
29 | K,C,0,+H,0 L1 130 670 | 710 | 550 | 450
37 NH,*H,PO, 1.0 ¢ 230 1 1,300 ' 2.000 | 950 ‘ 960
93 K;Fe(CN), &9! 190 | 1,900 ! 580 | 820 | 940
94 K, Fe(CN),+3H,0 . 0.8 | 240 ' 2,600 580 | 720 630
* Calculated value : Quin= 4ab **  Experimental value

T ARRBKES Y ¥ a7 EIRRL D RE IR L
Flona S U kT AR YRy VBT KFE—T vE= Y A
DML, WEET A » V) REIUE, FRilkrs &2k
BMNDBHD LA B Lot
TeB@RT BT, Al B. Guise 52 (% a =cA%3,
b=dA*™ (A XREEOEH, ¢, dILTHE) TEbI
HBHELTORR, FELORED BLIT, MmO KX
4 & H

ZOHEE, DOV~ XDHE—IRTH D, AT
LRI X 5, SO—HH LU AFIOBETEO—I)
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* kg E (Consumption rate of (Minimum discharge rate in mol/sec
fuel) as influenced by diameter of fire
O 11 NaHCO, model)
@® 21 KHCO, %  #kHE#%E (Consumption rate of
A 21 K,S0, fuel)
B 2% K.C,0,+H;0 O 11l NaHCO;,
x 37 NH,H,PO, @® 2! KHCO,
O 93 K;Fe(CN)g A 26 K,;S0,
A 94 K, Fe(CN)g+3H,0 W 29 K,C,0,+H0
x 37 NH,+H,PO,
[0 93 K ;Fe(CN);
A 94 K, Fe(CN)g3H,0
8l B x ™ of Science, National Research Council (June 1960)
1) R.R.Neill : Naval Research Lab. Report 5183 4) W.A.Rosser Jr.,S.H. Inami, H. Wise : Combus-I
(Aug.21.1958) tion and Flame 7 107-19 (1963)
2) M.Friedrich : Chem. Ztg. 84 560-3 (1960) ; Fire 53 M. Dewitte, J. Vrebosch, A. Van Tiggelen:
Research Abstract and Reviews 2 132-5 (1960) ; Combustion and Flame 8 257-66 (1964)
V. F.D. B. Special Issue No. 2 (Jan. 1960) 6) J. E. Dolan, P. B. Dempster : J. Appl. Chem. 5
3> T. G. Lee, A. F. Robertson : Fire Research 510-7 (1955)
Abstract and Reviews 2 13-7 (1960) ; Sci. Lubric. 7) A. B. Guise, J. A. Lindlof : Quart.of Nationa
13 21-2 (1961); Publication 786 National Academy Fire Protectection Association 49 52-60 (1955)
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Studies on Dry Powder Fire Extinguishing Agents

1. Effect of Dry Powders on Extingunishment of Hydrocarbon Diffusion Flame

(abstract)

By S. Yamashika and H. Kida

(Received 26 May 1965)

It has long been known that finely divided dry powders have specific extinguishing
power. And it is also recognized that the powders show large differences in effetiveness
from one powder to another. The relative effectiveness of various powders is already
discussed by some authors.

The authors of present report believe that the degree of effectiveness of dry powders
is well expressed by experimentally determined values of minimum discharge rate,
minimum weight of powder required and minimum extinguishing time, when a great
deal of agent is applied, to extinguish a atandard model fire. And in these experiments,
32 kinds of powder were examined.

Experimental procedure and results are as follows. The most powders used in this
study were of chemical pure grade, and 2% by weight of magnesium stearate was
added to each powder to improve the free flow characteristics. These were milled in a
small laboratory ball mill and after milling the powders were sieved through 200 mesh
screen. Mean diameter of powder was calculated by equation (1) and (2) from value
measured by means of Blaine's air permeability method.

Compressed dry air was used to introduce the powder to model fire. The compressed air
was first through a bed of granular silica-gel and regulated at a flow rate of 51/min and
then divided into two parts. One flow was led to nozzle directly and another was directed
to powder container to carry the powder to the nozzle. The two flows were made to meet
at the inlet of the nozzle which was directed by hand to model fire. By controlling the
retio of the two flows, various discharge rates were achieved while the air flow to the
model fire was always kept at a constant rate of 5 I/min.

The model fire used was a small diffusion flame, supported dy #n-hexane floating on
water in a brass cup having an inside diameter of 4, 8§, or 16 cm.

At various dischage rate, the time and weight of powder needed to extinguish the
model fire were recorded,

It was confirmed that the relation between application rate R and extinguishing time
t was expressed by the equasion (8), where b and @ were minimum discharge rate and
minimum extinguihing time respectivly. By using experimentally determined values of R
and {4, values of @ and & were calculated for each powder.

All the powders were first tested with the 4 cm model fire and then some powders

which showed relatively large effectivenss were further tested on 8cm and 16 cm model
fires.
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It was found that minimum extinguishing time was nearly the same for all powders tested.
The anthors’ interpretation for this, is that at high discharge rate the model fire was
completely covered by dense cloud of powder, and the schilding effect predominantly
governed the result.

The minimum discharge rate and minimum weight of powder required showed relatively
wide range of difference from one powder to another.In various diameter of model fires,
the order of effectiveness was nearly the same as that for the 4cm in diameter. As the
specific surface area of powders was made nearly same for all powders tested in this
study, fairly reliable order of powders was observed.

Potassium oxalate and bicarbonate, of which large effectiveness has been already well
known, showed also large extinguishing power in this study. Among many powders
tested, alkali halide, alkali sulfate, ammonium phosphates, potassium ferrocyanide and
potassium ferricyanide showed relatively large effectiveness.

It seems that there exists no relation between the area of burning fuel and minimum
extinguishing time, and it also seems that the result obtained here supports the opinion
that minimum discharge rate is proportional to fuel consumption rate of model fires.
Further work needs to be done to make these points clear in connection with the mechanism

of fire extinguishment.
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(Schematic diagram
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Table 1. HMuicftkoEE L EnER

(Materials used in this experiment and results)

ES | e R BE g R OWAREN | 2 OB ImRAREN 0 *
! Di ‘S'uppr.es- : ; i fa¥*
1}313n | Chemical formula ;Dlsf:?erge! S(;?rﬁtalﬁee‘ gqelligr};td\l RfifrilaeSh — 7ioinmen i
- (mg/sec) (sec) . (gr) ‘4‘_f§ff?” X Z}w” ,C) ;37
1 NaHCO, I 210 |1 47 7 0.9 41 0 4 1 0
2 Na,CO, L2070 LS 30 23 0 0
13 ! NaCl o200 ' 57 1.3 54 0o ' 3 2 0
14 NaBr 20 7.8 2.2 39 1 4 0 0
15 | Nal 0 I R T 48 0 4 1 0
16 | Na,S0, f 600 i o - - 5 .0 0 0
18 | Na,B,0;- 10H,0 ‘ 230 o - - 5 10 0 0
21 ! KHCO, ' 180 | 1.7 0.30% - 26 0 4 1 0
22 ' K.CO, ! 250 2.0 0.51% . 33 0 5 0 0
23, KCl |18 19 03 3% 0|5 0 0
24 ‘ KBr ; 240 2.5 . 0.62 38 C0 4 1 0
2 KI , 2001 2.8 05 . 45 0 ‘ 5 i 0 0
26 K;SO, ‘ 250,  10.4 2.55 31 0 4 1 0
28 | K,B,0;- 5H,0 300 o - = 1 t o 0o .0
29 K,C:0,-H,0 : 240 1.2 0.28 29 | 0 5 0 0
20 | KH-C;H,0, © 30 ¢ 150 o8’ 34 o ;4 1 0
33 NH,Cl 500 © 20.6 10BAE  60BAE ¢ 3 0 1 | 1
37 NH,-H,PO, 80 1 8.7 6 ' o o loto] o>
46 (NH,);S0, L 480 0k 10ME 4 0 1o i
47 i (NH,),HPO, 290 5.7 L7 o ol o 5
48 l (NH),B,O:-2H;B,0-6H,0 | 420 30pk 100k 60bk . 4 0 1o
49 (NH,),C,0,-H,0 730 115 8.3 60 3 0 20
52 CaCo;, 340 o - - 5 0 o O
62 BaCO, 340 5.4 1.8 55 13 10
76 | FeSO,-7H;0 370 o - - 5.0 0 0
86 AL,(S0,);- 18H,0 300 © - - 5 10 0 0
93 ! K Fe(CN)s ; 450 1.6 0.71% 3 0 4 1,0
94 K,Fe(CN),-3H,0 ‘ 340 1.3 0. 44% 2 0 4 1 . 0
02 CO(NH,), 500 2.5 10BLk &OBIE ;3 O Pyt
03 NH,- S0+ NH, 510 10.9 5.5 o i 0 0 4
08 . H,BO, 630 8.8 5.5 60L) 1= 1 0 2 2
5 0o 0 0

09 Si0, gel 430 o _ _

* On these agents, another experiments were carried out, in which the powder application
after the suppression of flame was continued.

** x Not extinguished for a total period of 30 seconds.
A\ Reflashed in 60 seconds after the suppression of flame.
O Reflashed after 60 seconds or more by embers-blowing after the suppression of flame.
© Extinguished perfectly.

PR R TR E B ol e B2 A, T, FBRULICHROD TR ZADOEED L 0, “3
R LORBMOER, KBHOBHR LKL HTENE E” FTHETEEN R T B BE R 2 E A B

FoTTh, “BE” ZWTEILECL DI, Fie ot

HKERRKOEB L DL L1 1 CERL L, =L FREDBOMR TIEETE, TOBRERELML

— 50 —

Il



Figure. 6 HREEOIRE
(Appearance of sample after burning)
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Frr ot FREDL, BROBEY T LTI HRERES
PUEC LT TR UER E oo, DX S70BME
B Fie 7o 8y KIL. Table 10 5 470 * B4 Dl
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Studies on Dry Powder Fire Extinguishing Agents

II. Effect of Dry Powders on Extinguishment of Wood Fire

(Abstract)
By S. Yamashika and H. Kida

(Received 26 May, 1965)

For a long time, it has been believed that dry chemicals are effective only for
inflammable liquid fire. But now, ammonium phosphates, which show large effectiveness
not only for inflammable liquid fire but also wood f{ire, are available commercially.
Though many investigations on relative effectiveness of various powders for inflam-
mable liquids or gases were reported, a sufficient evaluation study for wood fire yet has
not been carried out.

The aim of present study is to evaluate various dry powders on a small wooden model
fire. The powders tested are the same as those used by the authors in the previous
study on relative effectiveness for extinguishment of hexane diffusion flame.

To test the various powders, small model was desired mainly from the economical point
of view. The test procedure used was a modification of the method used by R.R. Neil
and R.L.Tuve in evaluating commercial dry powders. In their study, a wooden crib
built up of 91 pieces of wooden stick, '[ox![,x 6!/, inch in size, was used as model fire,
whereas in the present study, a cubical wooden block made of Japanese ceder, 5x5x5
cm in size, was used. Four cylindrical hores were drilled through the each opposite
faces of the cube to ventilate the air during combustion. The size of the cube and the
number and size of the bore were determined by many experiments as the most adequate
for the present aim considering economical point.

These blocks were oven-dried at 904+5°C for 24 hours Dbefore use and stored in a
desiccator. The weight of block after drying was between 30 gr and 40 gr. The average
weight of blocks used was 33.8 gr. The block held in a fixed horizontal position was
rotated by a small motor around its diagonal axis during combustion at a constant speed
of 10 rpm.

For the purpose of preburning, the block was exposed to premixed flame which was
placed beneath it. After a period of preheating for 60 seconds, the burner was cut off
and free burning of block was continued for another 30 seconds. The total preburning
time was determined so as to start the application of powders, when the combustion of
the block became uniform and stronggest. The powder was carried by air flow at
constant rate of 10 l/min to the model fire through the horizontal fixed nozzle.

As soon as the all visible flaming portion of the model fire was extinguished, the
application of powder was stopped and only air flow at same rate was applied to make
the model flash readily.

Times from begining of powder application to flame extinguishment and to occurrence
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of reflash were recorded. The weight of powder required to extinguish the flame was
also recorded.

Most of powders tested in this study could extinguish only the flame of model fire but
could not extinguish the glow. Accordingly, the reflash was nearly always observed
some time later after the application of powders was stopped.

When some agents were applied, the flame was extinguished in a very short time,
hence the weight of powders discharged was very small. Many alkali metal salts that
show relatively large extinguishing power against inflammable liquid fire possessed this
property. In these cases, though it was expected that continued application after flame
knock-down could extinguish the glow, f{further experiments showed that continued
application only made the time to reflash somewhat longer and could not prevent the
mode! fire from reflashing.

It was found that most of ammonium salts in this experiment had ability to extinguish
the visible glow, though it took relatively long time to knock down the flame, and after
application of powder was stopped, the reflash was very hard to occur. Ammonium
dihydrogen phosphate, Diammonium hydrogen phosphate and ammonium sulfamate pos-
sessed the most pronounced ability to perfect extinguishment among many powders
tested.

When these salts were applied to model fire, a fused inactive surface protective layer
was formed on the combustible surface. Boric acid and urea had some ability to form
such a layer, but these agents were inadequate because these agents have relatively low
ability to knock down the flame.

Further work would be carried out to make clear a relation between the ability as
fire retarder, which acts into the inside, and the ability as fire extinguishing agent for

wood fire, which acts on the surface.

— 54 —



W OB OWE A BT W&

B % 2% 5
WA 40 4 12 AOEI O
B O% pmd mO MBI

T
SRS R 3 T R14EO0 1S
Wik (0422)-43-6188, 5213, 9823




	表紙
	目次
	半導体化火災報知機受信機の試作
	放射性物質容器の耐火性について
	小規模消火実験による消火空気泡原液の消火能力の評価
	粉末消火剤に関する研究（その一）
	粉末消火剤に関する研究（その二）

