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Fig. 3 Small scale foam nozzle for extinguishing tests
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Table 1 Details of the relative fire extinguishing ability, fuel vapor sealability, burnback

i *
Pr&;;e;g:rsnof Application Temogcggtlur © Temper-
Water Fuel Foam - rate per ature of
Foam agent used used applicator Expan- {25% drain-| unit time | Before | After ex- | foaming
PP sion age time and area | burning | tinguishing| solution
ratio | (min.sec) | (¢/min.m?)| (C) O o)
Synthetic-A | Fresh water | Methanol | L-shaped 5.3 13'12” 5.1 19.0 29.0 18.9
" Synthetic " " 141
sea water 4.5 5'41 S.1 21.5 31.0 19.9
" ” " " 4.9 5'38" 5.1 23.0 320 19.9
Il;icggtogvfter Fresh water " " 6.1 8'45" 5.0 7.0 29.0 18.1
" Synthetic " " g
soa water 5.7 525 5.0 17.2 27.8 16.2
Synthetic-C | Fresh water " " 5.5 2'49" 5.0 16.0 38.9 17.6
" Synthetic " " ‘0
sea water 4.8 <100 5.1 18.0 40.9 19.2
" Fresh water " U-shaped 4.5 327" 5.1 16.0 - 17.5
New type " " Ty
protein-D L-shaped 6.0 4'20 5.1 15.9 35.0 17.0
" Synthetic " " 11
sea water 5.8 513 5.0 16.3 35.1 16.1
" Fresh water ” U-shaped 5.2 5'05" 5.0 17.5 35.2 17.9
Conventional " " "
protein-E L-shaped 49 <1'00 5.1 23.4 41.2 20.4
. Synthetic . " g
soa water 4.7 1'07 5.0 21.0 - 19.0
Synthetic-A | Fresh water| Acetone " 5.5 8'48" 5.1 24.5 31.1 22.0
" " " o 4.6 14'34" 5.1 14.5 22.0 15.0
Light Water ” N . e
FC-3035 6.0 8'53 5.0 17.8 27.0 18.1
" " " " 56 912" 5.1 15.2 24.5 16.5
Synthetic-C " " " 5.6 123" 5.1 23.1 46.1 20.9
" " " U-shaped 4.5 3'50" 5.0 13.5 - 15.0
New type " " . 01"
protein-D L-shaped 6.0 401 5.0 16.9 43.0 17.6
" " " U-shaped 5.1 507" 5.0 14.6 38.0 14.6
Conventional ” M " e _
protein-E 4.7 2'55 5.1 18.0 16.2

Synthetic-A: modified National Aero-Water PSL, USA

Light Water FC-3035: modified FC-600

Concentration of foam solution: 6 vol%; The foam solution was premixed.

Pan: 70.7cm sq., 40cm in depth; Fuel depth: 15cm, amount: 75¢; Preburn time: 5 min

(6)



resistance, and foaming properties of five foam agents. (Gentle application method)

Extinguishing time

Fuel vapor sealability and burnback resistance

tRn?gm ap}fﬁ)czr’gon Sealability test ** Burnback test ***
emper-

Per unit iod 2 min after 10 min after | Thickness of | Burnback
ature Total area pero foam foam foam blanket area
0 (min.sec) (min.sec/m?){ (min.sec) application application (cm) {cm x cm)
21.1 217" 4'34" 317" No ignition No ignition 3.5 25 x20
24.8 2'35" 510" 3'35" " " 4.5 Full fire
24.3 2'50" 540" 7'50" " 4 8.5 22 x 22
18.2 218" 436" 3'18" " " 40 | Full fircafter
19.0 203" 406" 503" » " 7.0 | Dol fire after
19.0 11'31" 23'02" 12’31 4 Full fire — —

20.0 10'30” 21'00" 11'30" " No ignition 1.0 27 x 27
16.0 9'20" 18'40" 10'20" " Full fire — -

154 11'20" 22'40" 12720" 4 No ignition 6.0 22 x 24
16.2 9'07" 18'14" 10'07” 4 " 5.5 22 x 24
17.2 8'38" 17'16" 11'38" " ” 5.0 20 x 24
25.9 19°23" 38'46" 20°23” " " 5.5 25 x2S
21.2 18'30" 37'00" 19'30” Full fire - - -

26.1 140" 3207 2'40” No ignition No ignition 4.0 Full fire
13.6 1'53” 346" 6'53" " " 7.0 Foam surged,
: : not ignited
19.0 217" 434" 517" " " 7.0 | Full fire after
16.6 2'42” 524" 742" " " 15.0 27 x 27

259 17'44" 35'28" 18'44" " Full fire — -
Ignition partially
14.1 12'43" 25'26" 13'43" (immediately " — -
extinguishing)
174 1729" 34'58" 18'29” No ignition No ignition 6.5 20 x 23
vy Iyt qqn " Ignition self
14.7 11'44 2328 1244 extinguishing 4.3 22 x 21
No control after 11'30” foam
19.1 11'30” foam - application - — - -
application stopped

7.0+0.1kg/cm?.

* %
***:

: Lighted torch was applied over the foam blanket, 2, or 10 min after the foam application period.
15 min after the foam application period, a foam blanket of 15cm x 15¢m was cut off, the thickness of

: Two small scale foam nozzles used, each capable of a solution rate of 1.252pm at a discharge pressure of

foam blanket was measured, continuously, the cut area was ignited. 5 min after the cut area was ignited,
the burn area was measured,

(7)




Table 2 Details of the relative fire extinguishing ability, fuel vapor sealability, fuel burning rate,

R Properties of Temper-
oom . the foam Applica- Dis- ature
1:;::: temper- S;lil)l(ti;on E;le%l diu‘:}l Tank a Fﬁz:;m_ E 2 tion charge | of fuel
ature g P PP Xpan- d 5% rate pressure | before
ratio | time burning
°C) (amount)] (mxmxmH) (min.sec)| (¢/min.m?)| (kgfem? | (°C)
Premix 26.7cm Single side %
Synthetic-A{ 29.1 |-Fresh Methanol (660!2) wall-typed L-shaped 7.6 626" 10.0 5.75 28.0
water 1.5x1.5x1.45
4 30.0 " " " " U-shaped 8.1 640" " " 25.5
* Double side ok
" 30.0 " " " wall-typed " 7.8 5'49" " " 28.0
1.5x1.5x1.45
” 29.0 " 3 " ” ” 8.1 6’02" " " 26_8
Premix
" 26.9 | -Synthetic " " " " 8.5 4'41" " " 25.1
sea water
. Premix
LightWater] 192 |-Fresh " " " " 74 | 622 " " 19.7
water
Premix
4 16.4 | -Synthetic " " " " 8.7 2'47" " " 16.1
sea water
Premix
Synthetic-C | 29.2 |-Fresh " " " " 9.6 |<1'00" " u 28.0
water
Line pro-
" portioning " " " " 11" "
15.5 Fresh 6.6 2'11 4.9 13.2
water
Line pro-
" portioning M M " " ne " "
178 | ‘Synthetic 74 | 141 17.1
sea water
Premix .
New type | 285 |-Fresh " " " " 63 |<100” " 575 | 28.0
P water
w " " 53.3cm " " ‘00" " "
31.1 (1200%) 5.8 1<1'00 29.0
Premix
" 315 |Synthetic| v | FoTen " " 54 |<1'00" " " 29.2
sea water
Line pro-
Conven- Py
tional 212 |Roroming| " " " 5.5 | <100 " 49 20.8
protein-E water
Line pro-
" portioning| " " " 00" " "
16.5 “Synthetic 49 | <100 17.0
sea water
Premix
Synthetic-A| 27.0 |-Fresh Acetone " L ” 1.7 703" " 5.75 24.7
water
Synthetic-A: modified National Aero-Water PSL, USA Sealability testt: Lighted torch was applied over the foam blanket, 2, 10,
Light Water FC-3035: modified FC-600 or 15 min after the foam application period.
Concentration of foam solution: 6 vol% ** . The foam applicator was not wrapped with an asbestos insulator.
Preburn time: 30°00" (* 30°15") **+: Figures on the top and on the bottom of each box respectively indi-
Foam nozzle: U.S. standard nozzle {Fed. Spec. O-F-555C) cate water contents at 25¢m and 10cm above the bottom of the tank.
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water content in fuel, and foaming properties of five foam agents. (Gentle application method)

Temper- IS . . xx
ature Fuel Extinguishing time Foam Fuel vapor sealability test Water
of burning application n T " . content
foaming rate Per unit period 2 min after 10 min after 15 min | Thickness| 5, fyel
solution Total area foam foam after foam | of foam
application application application | blanket
(°C) |[(mm/min)| (min.sec) | (min.sec/m?}|{ (min.sec) (cm) (%)
18°30” 13'40"
24.6 1.9 self extin- 8'13" foam applica- - No ignition | No ignition - -
suishing tion stopped
Flash at Flash at
ignition over ignition over
25.5 1.9 528" 226" 528" whole sur- whole sur- Full fire - -
face — self face — self
extinguishing | extinguishing
263 | 24 | 1315" | 553 13'35" . " Noignition | - 353
26.0 24 957" 425" 10'57” " " " 36.5 28.3
27.7
25.7 24 10'59” 4'53" 11'59” " No ignition " 68.0 %%g
19.1 22 1208 524" 1308 No ignition " " 42.0 312
Flash at Flash at
ignition over ignition over 274
16.0 2.4 12'50” 5'42" 13'50" whole sur- whole sur- ” 61.5 2%.3
face — self face — self )
extinguishing | extinguishing
25.1 24 17'31” 747" 18'31" No ignition | Noignition | Full fire - ig-f
16.8 24 16'33" 721" 17'33" " " No ignition|  17.5 ol
[ g 1y ” " N 37.8
17.0 23 1627 719 1727 21.0 373
1aat reqn gan " N Y 42.4
25.8 2.3 15’43 6'59 16’43 34.0 450
25.9 2.3 15'46" 700" 16'46" " " " 23.5 ne
26'20" 20'35” 45.4
27.1 2.3 self extin- 11'42” foam applica- " " " 41.5 45’
guishing tion stopped 5.3
gt ipcu gt . . Y 43.7
20.0 24 17'26 7'45 1826 5.0 44.4
18.9 23 19'10" raqr e . . " 412
9'10 8'31 20'10 3.0 46.9
Flash at igni-
tion over whole
24.0 3.8 7'45" 327" 8'45"” surface — self Full fire - - g
extinguishing 282
after 2 min
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ig. 9 Variation of inner side wall temperature with time
at the various points corresponding to the al-

Foam agent: Synthetic-A
(modified National Aero-Water PSL, USA)
Tank: Double side wall-typed
Fuel: 600 ¢ of methanol
Solution mixing: Premix-Fresh water
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Table 3 Specific gravity and viscosity of foam concentrates at various temperatures

Foam Specific gravity of foam concentrate by Cannon-Fenske viscometer
agent  [Hoec10°C| 5°C | 0°C |~2.5°C|—s°C[-7.5°C| 20°C 10°C 5°C 0°c [ -2.5°C
Synthetic 1) 04211.044 [1.047[1.048 | 1.049 [1.050| 1051 |  —* - - - -
Light
water 1.048 {1.051 [1.053 [1.055 | 1.056 |1.057| 1.058 |1971.6 [2625.8 [3143.6 [4820.5 [5519.4
FC-3035
Synthetic |1 474 (1.080|1.084 [1.087 | 1.088 |1.089| 1.091 | 33.911| 53.199| 71.837| 94.363| 111.02
New type
Drotoa i D [1:132 (1137 [1.139|1.141 | 1.142 |1.143| 1144 | 20.712| 34.653| 46.296| 67.022| 81.202
Conven-
tional 1.148 {1.153 |1.155 {1.157 | 1.158 |1.159] 1.160 | 56.757 | 102.13 | 144.39 | 219.46 | 265.46
protein—E
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Table 4 The effect of foam concentrate temperature on pick-up

Foam agent Foam concentrate Room temperature Water temperature Solution
temperature (°C) °O) (8} concentration (%)

5.3 12.3 11.1 34
0.8 9.0 9.7 46
Synthetic-A 4.0 6.6 7.8 5.2
9.0 10.3 11.7 5.7
19.3 14.1 17.8 6.0
7.0 8.9 9.3 44
) 0.0 9.1 9.1 44
Light water 4.8 62 7.0 54
FC-3035 9.9 9.9 11.9 5.7
20.0 14.8 19.9 6.0
4.0 11.0 12.0 47
0.1 7.8 10.0 5.2
Synthetic-C 56 8.2 9.2 5.5
10.1 10.0 11.7 59
20.2 15.0 19.0 6.5
40 12.0 12.7 59
0.1 7.8 9.9 6.0
New type 5.5 9.3 8.2 6.4
protein-D 9.7 10.1 11.7 6.7
20.1 14.0 18.9 72
4.8 12.8 10.1 32
. 0.0 8.0 10.2 4.0
Conventional 43 7.1 8.9 44
protein-k 9.8 10.8 119 49
19.8 129 20.1 59

Synthetic-A: modified National Aero-Water PSL, USA
Light Water FC-3035: modified FC-600
Foam nozzle: U.S. standard nozzle (Fed. Spec. O-F-555C)

Viscosity of foam concentrate (CSt)

by Brooksfield viscometer

-5°C -1.5°C 20°C ] 10°C | 5°C | 0°C |-2.5°C| —-5°C |{-7.5°C

60 rpm 2572] 2663| 2913 3006| 3051 | 3105| 3187

_ _ 6 rpm 18234 119157(21490 22424 | 23642 | 24762 | 25500
Thixotropic

coefficient 7.09| 7.191 17.38]| 17.46| 71.75 7.98) 8.00

60 rpm 630| 698 750 796 867 889 917

6010.2 6349.8 6 rpm 3588| 3958| 4292 4550{ 4792} 4976 5104

Thixotropic
coefficient 5.70| S5.67) 5.72] S5.71} 5.52] 5.60| 5.57

129.34 145.18] Synthetic—A: modified National Aero-Water PSL, USA

Light Water FC-3035:  modified FC-600
98.697| 116.82( Brooksfield viscometer: Rotor No. 3 for Light Water FC-3035

Rotor No. 4 for Synthetic—-A
*:  — indicates that viscosity was too high to be measured.

329.75 392.36
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Evaluation of Abilities of Fire-Fighting Foam Agents to
Extinguish Polar-Type Flammable Liquids

(Abstract)

Makoto Hoshino and Koji Hayashi
(Received May 31, 1679)

The main object of this study was to obtain technical information through experiments to
establish standards of fire extinguishing foam agents for polar-type flammable liquids as a
Japanese Home Affairs Ministry’s Specification.

The following commercially available alcohol-type foam agents, a conventional protein-
base foam containing metal soaps, an alcohol-type light water FC-3035 (modified FC-600), a
synthetic foam (modified National Aero-Water PSL, USA), a synthetic foam containing
detergent, and a new protein-based foam containing fluorochemicals, were tested against
methanol or acetone fires.

All the agents but the first one have no limitation to premix and transit times.

Fuels were burned indoors in a square pan (0.5 m?), or a double-sidewall square tank
(2.25 m?), or a single-sidewall square tank that was the inner tank of the former. Amounts of
fuels were 75 £ (15 cm deep) for the pan, and 600 or 1200 £ (26.7 or 53.4 cm deep) for the
tanks. The preburn time was set at 5 min. for the pan fire and 30 min. for the tank fire. Each
foam was applied to the fuel surface gently from one or two fixed top applicators to which
nozzles were connected. The applicators used were of two types, that is, U-shaped and
L-shaped. For the pan tests and the tank tests, two nozzles (1/3 scale nozzles of the Japanese
standard for protein foam) and a U.S. standard nozzle (Fed. Spec. O-F-555C) were used
respectively.

The results and discussions are described below.

1. In methanol fire tests of 2.25 m? scale, there were remarkable differences in the side-
wall temperature, methanol temperature, extinguishing time and fuel burning rate between
a double-sidewall tank fire and a single-sidewall tank fire during 30 min. preburning and
additional foam application, and it was more difficult to extinguish fires in the double-
sidewall tank than in the single-sidewall tank because of the more severe burning in the
former tank.

2. The differences in both temperature and water content between the upper part and
lower part of the fuel were narrowed as the foam application proceeded. It indicates that a
fairly well mixing occurred between fuel and the foam’s water all the way to the bottom
during the foam application. The mechanical mixing seemed to result in convection.

(25)



3.

When light water FC-3035 or a synthetic foam (modified National Aero-Water PSL) was
applied to methanol or aceton fires in the 0.5 m? pan, the extinguishing time was only 1/5
~ 1/9 of that when other foams were used. The difference in extinguishing time between
the former two and other foams was narrowed to 1/2 when they were applied to the
double-sidewall tank fires, presumably because fuel vapour penetrated through the foam
sealing of the former two when fuel was heated after long preburning. The lowered ex-
tinguishing ability of the former two in large scale tests is attributable to poor fuel vapour
securing ability at high temperature. The poorer fire extinguishing effect of other foams,
especially, a conventional protein-based foam was mainly due to fuel dilution with water.

Tt will be still difficult to estimate the effect of foams on scaled-up fires by using only
the results of 0.5 m? pan or 2.25 m? double-sidewall tank tests. The fire extinguishing
effect of foams depends not only upon geometry of burning vessels but also burning con-
ditions. However, heated fuel securing ability and burn back resistance were not influenced
by the scale as far as the present two different scale tests (0.5 and 2.25 m?) were
concerned.

The use of U-shaped foam applicators exihibited a better fire-extinguishing performance
than that of the L-shaped ones. It was found that the higher water retention time a foam
has, the more effective it is in extinguishing fires, when the type of the foam agent was
the same.

(26)
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Table 1 The outline of experimental fires

HBoEkT, MOERTII—FLAKTH-72, BE1
RE2ERTRAXENY D), TLFEBIZL-TH
AT RPOLALE & BB - 72728, BREOBBER
PLEE— T, BEFBIESREIC -7, BR1
MR 2ERTIE, BENERTHHITEAELSE ~205
EHTREE 1, EE2EBRTIIAXERT ~135ETH-
2, BELl, BE2ER T, FEZN-ERERE
Eh o BEEFELHETLE, wIThE 2.8X10°
keal/siZ % 720 BR 1, BE 2 AKEBROBREBE
BEEHETDLE, FHFN, 3.0X10%cal/s, 1.0X
10%kcal/s THh - 72,

Matuo-dwelling fire experiment Aerial fire attack test
No. 1 No. 2 No. 3 No. 4

Combustible material houses houses cribs cribs
Fire area (m?) 3x10° 1.5 x 10* 1.6 X 103 1.6 X 10°
Reduced radius (m) 30.9 69.1 22.6 22.6
Mean wind direction SW ENE NW SE
Mean wind velocity (m/s) 4.0 2.0 34 2.8
Air temperature (°C) 21.0 25.0 25.0 27.0
Bending of upward air flow (degree) 30 35 35 60
Total heat release rate (kcal/s) 3.0 X 10° 1.0 X 108 2.8 X 10° 2.8 X 10°
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Fig. 1(a) The distribution of wind direction and wind
speed (Matsuo first experiment, before ignition)
— R BRI E DFENITFITI h s 72, B
HAE TR, ZORDIZEERD E L H - 12720
BUED NS %o fz, kAR MR 54 (Fig 1
b)) I2BVTHBEEC & E THARIL D L EHE
DB o 2 BT OBMAE, DEIT BRI LS

G,(iL25)
E, (1873

/
24
ignited houses Ve
C 2 gust factor 2im/s)
Aifie2

Fig. 1(b) The distribution of wind direction and wind
speed (Matsuo first experiment, after ignition)
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Fig. 2(a) The distribution of wind direction and
wind speed (Matsuo second experiment, before
ignition)
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Report of Fire Rescarch Institutc of Japan No0.48(1979)

Experimental Study of Air Flow around Fire in the Open

(Abstract)

Kunihiro Yamashita
(Received June 9, 1979)

In order to clarify air flow around fire areas, measurements of flow pattern were carried
out around large-scale experimental fires, one with abandoned miners’ homes (wooden flats) at
the Matsuo-sulfur-mine, and another with arrays of wood on cribs in the aerial fire attack test at
the seashore of Nishinomiya City. Wind direction and wind speed were observed at many points
around the fires using handy-type anemometers and anemoscopes.

As a result of the present study, it was found that a stronger wind occurred at the obliquely
leeward sides of the fire when upward air flow happened to bend considerably in the horizontal
direction.
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Nomenclature

radii of laser beam at the position of O, S, T and z on the axial coordinate
of the laser beam,

deflection,

signal of rarefaction wave arrival,

imaged laser source,

distance from the axis of the shock tube to the screen or the slit,
distance from the laser source to the axis of the shock tube,

beam splitters,

Mmirrors,

cases shown in Fig. 7,

position of laser source,

total quantity of light,

distribution of light in the x, y plane,

quantity of light passing through a slit in the case of (n),

specific refractivity,

position of screen or slit on the axial coordinate laser beam,
schlieren signals of shock arrival,

slit width,

width of laser beam on the axis of shock tube passing through a slit,
position of shock tube on the axial coordinate of laser beam,

shock thickness projected on the screen S by laser beam,

shock thickness projected in the direction of axial coordinate of laser beam,
internal diameter of the shock tube,

coordinate fixed on the axis of shock tube,

coordinate,

coordinate fixed on the principal axis of laser beam,

sensitivity,

fractional change in signal in the case of (n),

divergent angle of laser beam,

angle of laser beam passing through a slit,

density,

standard deviation of the Gaussian function at the position of S and z on
the axial coordinate of laser beam.
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A Laser-schlieren System for the Measurement
of Shock-Wave Velocity

(Abstract)

Kazutoshi Hasegawa
(Received June 9, 1979)

The laser-schlieren system for the measurement of shock-wave velocities has been developed.
The system employs a slit instead of a knife edge placed in the front of a photomultiplier in
order to pass the light of the center of a laser beam as exactly as possible and to simplify func-
tionally the construction of the optical system. The shock-wave velocity is determined at the
observing plane with accuracy better than a few tenths of 1%. How the sensitivity of this
system could be increased is theoretically discussed relating to the construction of the optical
system.
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