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Table 1 Water content and density of wood used

Density
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(%) Wet Dry
Japanese cedar 11 0.40 0.35
Japanese cypress 15 0.45 0.39
Red pine 15 0.4s5 0.39
Red lauan 14 0.58 0.50
Larch 14 0.68 0.58
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Fig. 1 Wood crib specification used in the experiment.
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Fig. 4 Reignition time fr against preburn time tp
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Table 3

Comparison of experimental and calculated values for reignition time.

Preburn-time

Water quantity applied

Reignition time

Wood
tp/min Q/kg te (Exp.)/s tr (Cal.)/s
6 4.01 165 131
4.02 105
8 3.99 38 34
4.00 51
10 3.98 0 12
Japanese 4.00 0
cedar 6 6.01 > 300 611
6.02 > 300
8 6.00 112 158
6.01 245
10 6.00 18 S5
6.01 71
6 2.51 68 71
2.51 > 300
6 3.98 124 425
4.00 > 300
8 3.99 58 110
Japanese 4.03 57
cypress 10 3.99 47 39
4.00 19
8 6.00 > 300 513
6.01 > 300
10 6.00 > 300 180
6.02 296
6 2.49 > 300 216
2.51 > 300
8 2.51 36 56
2.51 81
10 2.51 0 20
Red 2.51 0
pine 6 4.01 > 300 1286
4.02 > 300
8 4.00 > 300 333
4.01 > 300
10 4.01 161 117
4.02 109
8 2.52 165 62
2.53 51
8 4.00 > 300 373
4.01 93
10 4.00 123 131
Red 4.01 258
lauan 12 4.01 77 55
4.01 111
10 6.50 > 300 826
6.52 > 300
12 6.50 183 351
6.51 300
8 2.50 35 26
2.51 0
8 4.00 300 154
4.01 > 300
10 4.01 37 54
4.01 39
Larch 12 4.01 0 23
4.01 0
10 6.51 > 300 342
6.52 173
12 6.51 115 145
6.51 172
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Report of Fire Research Institute of Japan No. 46(1978)

Extinguishment of Wood Crib Fire
—Effects of kinds of Wood and Preburn Time—

(Abstract)

Shuzo Yamashika and Tatsuro Kitakami
(Received April 27, 1978)

A series of experiments on extinguishment of wood crib fire by plain water was conducted
for various kinds of wood and preburn time. Reignition time was selected to evaluate the
effectiveness of extinguishment.

The results are summarized as follows. The reignition time (Z/s) increases with the 3.8
power of water quantity applied (Q/kg) for same kinds of wood and same preburn time
(t,/min). The reignition time decreases with the 4.7 power of preburn time for same kinds of
wood and constant water quantity applied. The values of proportional constant,

:<,/s> Q/k> “( /mm>‘”

for Japanese cedar, Japanese cypress, red pine, red lauan and larch are 0.38, 1.22, 3.70, 4.14

and 1.72 respectively.
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Table 1 éomparison of the solutions derived for the circular bottom plate with those derived for the
rectangular plate model.

Tank Radius Circular Plate Rectangular Plate Error
a(m) Le Mic Lg Mig ULr-Lo)le | Mip-MiOIMic
N 218.36 221.87 217.21 223.08 - 0.0053 0.0054
10 308.32 437.66 307.16 439.24 - 0.0038 0.0036
25 480.73 1049.2 479.52 1051.2 —0.0025 0.0019
50 654.07 1952.4 652.75 1954.2 - 0.0020 0.0009
75 760.20 2714.4 758.70 2715.5 - 0.0020 0.0004
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Stresses in Large Oil Storage Tank
— Analysis as an Elastic Axi-symmetric Body—

(Abstract)

Asamichi Kamei
(Received May 20, 1978)

Bending stresses in the shell and the annular plate of a cylindrical oil storage tank on the
rigid foundation are analyzed theoretically. The deformation of the tank is assumed to be
elastic and axi-symmetric.

One of the remarkable differences of this theoretical treatment from the other papers
published up to date is that the analysis is made axi-symmetrically not only for the shell but
also for the annular plate.

From numerical calculations, the configurations of deformation and stress distribution are
shown for the shell and the annular plate. The influences of tank geometry (such as tank
diameter, plate thickness, shell weight and oil level) on the maximum bending stresses at the
T-junction are also investigated.
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Report of Fire Research Institute of Japan No. 46(1978)

The Steam Generated by Fire and Extinguishing
-ITII. The Steam Generated by Extinguishing with
Water from a Perforated Steel Pipe-

(Abstract)

Satoshi Takahashi
(Received May 25, 1978)

The water vapor concentration generated (1) by smoldering a wood crib in a closed model
room, (2) by applying water from a perforated steel pipe (a nozzle perforated holes in a line
along a steel pipe) on a wood crib in a closed model room, and (3) by applying water from the
said nozzle on a wood crib and on a heap of wood sticks under open window condition were
measured.

Under smoldering condition, the level of the concentration was similar to that measured at
the top of a burning wood crib as formerly reported.

Even by the extinguishing test under closed window condition, no remarkable trend of the
increase of the concentration was observed. But in these three cases, a considerable quantity of
the hot gas and the steam spouted out from the small holes for the devices at the ceiling of the
room.

Generally speaking, the concentration comes up to 20 — 30% under smoldering condition,
and 30 — 40% by extinguishing condition.

The aimes of the experiments hitherto was to obtain, at the least, the outline of the
concentration by the use of a semi-practical model room.

But because this type of research was inefficient, unreproducible and laborious, the
detailed quantitative relation between the evaporating water and the concentration will be
studied further by the use of a improved method.
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Report of Fire Research Institute of Japan No. 46(1978)

Experimental Study on Turbulence around
the Upward Air Jet in the Wind

(Abstract)

Kunihiro Yamashita
(Received May 31, 1978)

In order to investigate the air flow around the fire in the wind, measurements of the
turbulence of the air flow around the jet were performed. A hot-wire anemometer was used to
survey the turbulence of air flow. A tuft screen was placed in the lee side of the jet-exit to
visualize the flow pattern in a vertical cross section of the jet.

The observational result obtained by the tuft screen method indicated that two
counter-rotating large eddies existed in the lee side edge of the jet and their positions, sizes and
strength varied very rapidly. From the result of the measurement by hot-wire method, it was
ascertained that velocity of the surrounding air around the jet fluctuated almost periodically.
This result seems to support that surrounding air was entrained in a peridic manner as noted by
Gordier. The frequency of the periodic fluctuation of the air velocity increased with UL4% in
the case of constant dynamic pressure of the jet. Strohal number on the periodic flow around
the jet was tentatively expressed as a function of Reynolds number and effective velocity ratio.
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Table 1 Details of the relative fire extinguishing ability, fuel vapor sealability, burnback resistance and
foaming properties of four foam agents. (Gentle application method with each foam applied alone)

Foaming agent Concen-2) | Fuel used Fuel Properties of Applica-5) | Preburn Temperature Tempera- | Extin- Foam
tration depth the foams tion rate time of fuel (°C) ture of | guishing appli-
of foam {amount) {min) foaming time cation
solution Expan- 25% per unit before after solution period
% (VIV) sion drain- time and burning | extingu- (o)}

ratio age area ishing
time | (/min-m?)
Synthetic-A 3% gasoline3) (iggrf; 6.6 144" 2.50 5 26.1 45.3 25.3 2197 319"
Synthetic-B " ” " 6.3 - | 229" 2.54 5 24.1 41.3 26.1 2133" 3'33"
Synthetic-C " ” " 6.8 2°22" 251 5 28.0 53.2 274 2'02" 302"
Synthetic-D " " " 79 3’40" 2.54 5 27.0 46.9 27.2 2'08" 3'08"
Synthetic-D ” ” " 6.5 3'58” 2.51 10 203 64.9 25.0 339" 601"
Synthetic-E " " " 7.2 423" 2.51 5 24.0 - 23.0 218" 310"
Synthetic-F " gasolined) ” 5.6 235" 2.51 5 28.0 - 23.4 4'13" 513"
Synthetic-G ” gasoline3) " 8.0 3'49" 2.53 5 27.4 440 25.2 1'50” 2's0”
Protein-H " " " 6.6 2'31” 2.52 5 26.0 45.5 25.0 4'16" 5'16"
Protein-H ” ” " 6.2 3'29” 2.52 10 24.1 50.0 25.0 501" 601"
1
Light Water (FC-3031)) 6% " " 74 2'06" 2.55 5 28.0 44.4 29.0 1437 2'43"
1
Light Water (FC-3031)) " " " 6.8 2'47" 2.52 10 19.5 43.0 25.0 437" 6'01"
Fluoroprotein-J 3% gasoline4) " 6.3 2'00" 2.53 5 28.0 42.9 24.7 238" 3'38"
Fluoroprotein-J " " " 6.1 1'42" 2.51 10 23.1 51.2 25.0 3'07" 601"
i‘é‘?g‘;‘g"AM L3 " " " 64 | 214" 2.50 s | 278 | 420 24.1 502" | 6'02"
T I XL3 " " # 60 | 250" | 253 10 | 200 | s8o | 250 | 746" | 746"

Remarks 1) modified FC-206
2) The foam solution was premixed in fresh water.
3) A leadless cleaning solvent of less than 10 wt percent n-heptane (JIS K 2201-5).
4) A 10 to 7 mixture of the cleaning solvent (JIS K 2201-5) and leadless auto-gasoline (JIS K

2202-2).

5) Two small scale foam-generating nozzles used, each capable of a solution rate of 1.25 Ipm at a

discharge pressure of 7.0£0.1 kg/cm?.

6) Two or ten min, after the foam application period, lighted torch was applied over the foam
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ili burnback resistance Fig. and
Fuel vapor sealability and burnback r Lo
Sealability test6) (1st time) Sealability test?) (2nd time) Burnback test8) re(t%r?:d
2 min after 10 min after 2 min after 10 min after Thickness | Burnback
foam application foam application foam application foam application g{afrc]:l::enll area
{cm) {cm x cm)
ignition _ ignition _ _ _ Fig. |
—>full fire = full fire
ignition fuel surface immediately _ _ "
" - —self extinguishing | exposed no further test
ignition _ — — "
" - — full fire
ignition fuel surface immediately _ _ ”
" - — self extinguishing | exposed no further test
Fig. 1
" - - - - - Photo. 4
ignition fuel surface immediately _ _ Fig. 1
" - —>self extinguishing | exposed no further test
" - " " - - "
” - " " - - "
ignition _ _ 6. 2
—>self extinguishing | ignition partially av. 6.5 24x26 "
ignition _ _ X Fig. |
no ignition > self extinguishing av. 9.0 20x24 Photo. 1
ignition ignition _ _ _ _ Fig. |
—>self extinguishing | = full fire :
no ignition no ignition - - av. 6.0 full fire P}llgz.(: 3
" ignition partially - - av. 4.0 | 35x35 Fig. |
" no ignition - - 6.5 19x 19 "
ignition — —
~>self extinguishing " av. 6.5 23x23 "
no ignition " - - 55 35 x 30 P}I]-‘(x)gt.ol s

blanket.

7) This test was conducted only when reignition led to the full fire. Sealability test was repeated
after the foam application was continued for 2 more min. after the extinguishment of the

reignited fire.

8) Fifteen min. after the foam application period, a foam blanket of 15 ecmx15 cm was cut off, the
thickness of foam blanket was measured, continuously, the cut area was ignited. Five min. after

the cut area was ignited, the burn area was measured.
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Photo. 1 Opened part of foam blanket after S min. Photo. 2 Burning behavior during burnback test of

burnback test of gently applied protein H gently applied fluoroprotein AER-O-FOAM-
Preburn time: 10 min. XL-3
Extinguishing time: 5'01" Preburn time: 10 min.
Foam application time: 6'01" Extinguishing time: 7'46"

Foam application time: 7'46"

Photo. 3 Burning behavior during burnback test of Photo. 4 Failed foam blanket 2 min. after the
gently applied Light Water FC-3031 gentle application of synthetic D
Preburn time: 10 min. Preburn time: 10 min.
Extinguishing time: 4'37" Extinguishing time: 3'39”
Foam application time: 601" Foam application time: 6'01"

Photo. 6 Appearance of foam blanket after
plunging application of fluoroprotein J
Preburn time: § min.
Extinguishing time: 7'54"
Foam application time: 8'54"

Photo. 5 Appearance of foam blanket after
plunging application of protein H
Preburn time: 5 min.
Extinguishing time: 4'30"
Foam application time: 5'30"



Photo. 7 Appearance of foam blanket after Photo. 8 Appearance of foam blanket after
plunging application of fluoroprotein plunging application of Light Water
AER-O-FOAM-XL-3 FC-3031

Preburn time: 5 min. Preburn time: 5 min.
Extinguishing time: 23'33" Extinguishing time: 14'59”
Foam application time: 24/33" Foam application time: 15’59"

Photo. 9 Appearance of foam blanket after plunging Photo. 10
application of synthetic A
Preburn time: 5 min.
Extinguishing time: not extinguished

Appearance of foam blanket after
plunging application of a combination
of protein H and Light Water FC-3031
Preburn time: 10 min.
Extinguishing time: 1'47"
Foam application time: 2'47"

Photo. 11 Appearance of foam blanket after plunging
application of a combination of protein H
and Light Water FC-3031

Preburn time: 10 min.
Extinguishing time: 20'17”
Foam application time: 20717"



Table 2 Details of the relative fire extinguishing ability, fuel vapor sealability, burnback resistance and
foaming properties of four foam agents. (Gentle application method with each foam ai)plied

together)

Foaming agent Conqen—2) Fuel used Fuel Properties of Applica-5) | Preburn Temperature
tration depth the foams tion rate time of fuel (°C)
of fo;am (amount) {min)
solution Expan- 25% per unit before after
% (VIV) sion drain- time and burning | extingu-

1atio age area ishing

time | (//min-m?)

Synthetic-A+Syn-D 3%+ 3% |gasoline®) d%g’;‘) 74 | 228" 2.49 5 282 | 459
Protein-H+Syn-A " gasoline3) " 7.4 1'49" 2.55 5 26.1 45.0
Protein-H+Syn-B " " " 6.6 1'37" 2.59 5 24.7 -
Protein-H+Syn-C " " " 6.5 2'02" 2.53 5 29.0 47.2
Protein-H+Syn-D " " " 6.9 2'09" 2.52 5 28.1 45.7
Protein-H+Syn-E ” gasoline4) " 6.3 3'31" 2.54 5 26.0 41.9
Protein-H+Syn-F " " " 6.0 2'10" 2.53 5 25.6 -
Protein-H+Syn-G " gasoline3) " 1.6 2'41" 2.55 5 28.0 45.1
Light water 11
(FC-3031) D+Pro-H 6% + 3% " " 7.0 1’37 2.57 5 28.4 46.2
Light water ;o4 p 1R
(FE-3031) D+Syn-A " gasoline®) 4 7.1 2'18 2.51 5 25.5 41.1
Fluoropro-J+Syn-A 3%+ 3% " " 7.0 202" 2.53 5 25.0 40.9
Fluoropro-AER-O- , 1990
FOAM-XI.3+Syn-A " " 4 6.7 1’37 2.51 5 31.5 47.8

Remarks 1) modified FC-206

2) The foam solution was premixed in fresh water.

3) A leadless cleaning solvent of less than 10 wt percent n-heptane (JIS K 2201-5).
4) A 10 to 7 mixture of the cleaning solvent (JIS K 2201-5) and leadless auto-gasoline (JIS K

2202-2).

5) Two small scale foam-generating nozzles used, each capable of a solution rate of 1.25 /pm ata
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Tempera- | Extin- Foahm Fuel vapor sealability and burnback resistance l;i}g‘;)ztigd
t f uishin, appli- .
fol;rxili(r))g 8 time & cagtri’on Sealability test6) Burnback test?) retf(c):rtx"gd
; iod
so}g 8)on perio 2 min after 10 min after Thickness | Burnback
foam application foam application of foam area
blanket
(cm) (cm X cm)
" ignition _ _ — Fig. 1
24.0 1'50" 2'50 S full fire g
25.1 303" 4'03" " - - - !
24.2 249" | 349" " - - - !
27.0 2/491/ 349" " — — — "
ignition ignition _ _ "
26.0 438" | 538" | S eif-extinguishing > full fire
1410 ignition _ _ _ "
25.1 2'41" 3'41" S full fire
23.4 7'16" 8'16" " — _ _ ”
taan 1aqn | ignition ignition _ _ ”
25.2 523 623 —>self-extinguishing —>full fire
" 13 ignition ignition _ "
27.5 2'03 303 partially partially full fire
1991 man ignition _ _ _ "
24.4 1’22 2122 3 full fire
26.5 1'50" 2'50" " - — _ "
28.9 231" 3'31" " - _ _ "

discharge pressure of 7.0+0.1 kg/fcm?®.

6) Two or ten min. after the foam application period, lighted torch was applied over the foam

blanket.

7) Fifteen min. after the foam application period, a foam blanket of 15 cmx15 cm was cut off, the
thickness of foam blanket was measured, continuously, the cut area was ignited. Five min. after
the cut area was ignited, the burn area was measured.
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Table 3 Details of the relative fire extinguishing ability, fuel vapor sealability, burnback resistance and
foaming properties of four foam agents. (Plunging application method with each foam applied alone)

Foaming agent Conqen-2) Fuel used Fuel Properties of Applica-5) | Preburn Temperature
tration depth the foams tion rate time of fuel (°C)
of foam (amount) - (min)
solution Expan- 25% per unit before after
% (VIV) sion drain- time and burning { extingu-

ratio age area ishing
time (! /min-m?)
Synthetic-A 3% |gasoline® | 10em | gg | qr35n 2.48 5 28.0 -
(1000

Synthetic-G " gasoline3) " 8.7 352" 2.54 5 19.5 -
Protein-H " gasoline®) " 7.0 313" 2.51 5 30.0 43.0
Protein-I " " " 6.7 2'44" 2.54 5 19.9 38.2
Light water "
(FC303) D 6% " " 9.4 2'09" 2.53 5 21.8 -
Fluoroprotein-J 3% " " 7.4 1'46" 2.50 5 28.0 42.2
Fluoroprotein 14"

AER-O-FOAM-XL3 " " " 6.2 2’48 2.53 5 20,0 34.0

Remarks 1) modified FC-206
2) The foam solution was premixed in fresh water.
3) A leadless cleaning solvent of less than 10 wt percent n-heptane (JIS K 2201-5).
4) A 10 to 7 mixture of the cleaning solvent (JIS K 2201-5) and leadless auto-gasoline (JIS K
2202-2).
5) Two small scale foam-generating nozzles used, each capable of a solution rate of 1.25 lpmata
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Tempera- | Extin- Foam Fuel vapor sealability and burnback resistance Fig. and
ture of | guishing appli- Photo.
foaming time cation Sealability test6) Burnback test7) to be
solution period referred
(o) 2 min after 10 min after Thickness | Burnback
foam application foam application of foam area
blanket
(cm) (cm x cm)
26'58" foam appli- Fig. 2
24.1 cation stopped, - - _ _ .
not extinguished Photo. 9
24'39" foam appli-
20.8 cation stopped, - _ _ _ Fig. 2
not extinguished
24.2 430" 530" no ignition no ignition av.75 | 20x20 P}f;gtf 5
20.0 529" 629" " " a.v. 6.5 28 x 29 Fig. 2
" " circle Flg. 2
21.0 14'59" 15'59 " a.v. 15.0 40 Photo. 8
" ignition ~>self " Fig. 2
26.9 7'54” 8'54" extinguishing av. 7.5 25%x25 | photo. 6
20.3 23'33” | 2433 no ignition " av.13.5 | 17x16 P}l:cl)gt.o.27

discharge pressure of 7.0x0.1 kg/cm?.

6) Two or ten min. after the foam application period, lighted torch was applied over the foam

blanket.

7) Fifteen min. after the foam application period, a foam blanket of 15 cmx15 cm was cut off, the
thickness of foam blanket was measured, continuously, the cut area was ignited. Five min. after
the cut area was ignited, the burn area was measured.
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Table 4 Details of the relative fire extinguishing ability, fuel vapor sealability, burnback resistance and
foaming properties of three foam agents. (Plunging application method with each foam applied

together)

Foaming agent Concen-2) | Fuel used Fuel Properties of Applica-5) | Preburn Temperature
tration depth the foams tion rate time of fuel (°C)
of foam (amount) (min)
solution Expan- 25% per unit before after
% (V/V) sion drain- time and burning | extingu-

ratio age area ishing
time | (//min-m?)
Protein-H i3 Scm '
+Synthetic-E 3%+ 3% |gasoline3) (500 6.3 2720' 2.55 5 — -
1)
Light water (FC-3031) . 10cm
S Synthetic-A ) 6%+ 3% |gasoline® | 007 | 83 | 159" 2.53 5 225 -
1
Light water (FC-3031) " vy
£Protein-H 0 " " 7.6 145 2.52 S 23.2 31.8
Light water (FC-3031) . ggn
+ProteinH 0 ' " " 1.5 1'56 2.55 10 21.0 41.9
Light water (FC-3031) ) , " [
£Protein-H ' ! 6.8 1’51 2.50 10 215 39.1

Remarks 1) modified FC-206

2) The foam solution was premixed in fresh water.
3) A leadless cleaning solvent of less than 10 wt percent n-heptane (JIS K 2201-5).
4) A 10 to 7 mixture of the cleaning solvent (JIS K 2201-5) and leadless auto-gasoline (JIS K

2202-2).

5) Two small scale foam-generating nozzles used, each capable of a solution rate of 1.25 /pm at a
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Tempera- | Extin- Foam Fuel vapor sealability and burnback resistance Fig. and
ture of guishing appli- Photo.
foaming time cation Sealability test6) Burnback test?) to be
solution period referred
c0 2 min after 10 min after Thickness | Burnback
foam application foam application of foam area
blanket
(cm) {(cm x cm)
12'10" foam appli- )
24.4 cation stopped, — — - - Fig. 2
not extinguished .
28'12” foam appli-
234 cation stopped, - - - - "
not extinguished
1 " ignition = _
22.9 142" 2'42 S full fire - "
" Flg 2
23.4 1'47" 2'47 " - - - Photo. 10
' 11on | ignition ignition Fig. 2
25.0 2017 20°17 —>self extinguishing | —>self extinguishing a.v.10.0 | 30x30 Photo. 11

discharge pressure of 7.0:0.1 kg/cm?.

6) Two or ten min. after the foam application period, lighted torch was applied over the foam

blanket.

7) Fifteen min. after the foam application period, a foam blanket of 15 cmx15 cm was cut off, the
thickness of foam blanket was measured, continuously, the cut area was ignited. Five min. after
the cut area was ignited, the burn area was measured.
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Report of Fire Research Institute of Japan No.46(1978)

Evaluation of Extinguishing Abilities of Fire-Fighting
Foam Agents Applied Alone or Together

(Abstract)

Makoto Hoshino and Koji Hayashi
(Received May 31, 1978)

The object of this study was to evaluate the effect of application methods by determining
the extinguishing ability, fuel vapor sealability and burnback resistance of various foams. The
tests were carried out indoors using a small scale (1 m?) steel pan.

Among the commercially available foam agents,used were two protein-based foams, two
fluoroprotein foams, a light water FC-3031 (modified FC-206) and seven synthetic foams
containing detergents.

Except a fluoroprotein foam (National Aero XL-3 of National Foam System Inc., USA), all
of the foam agents were manufactured in Japan in accordance with the Japanese Home Affairs
Ministry Spec. (Home Affairs Ministry Ordinance, No. 26, 1975)

The fuels used were two type gasolines, a leadless cleaning solvent of less than 10 wt
percent n-heptane (JIS K 2201-5), and a 10 to 7 mixture of the cleaning solvent (JIS K 2201-5)
and leadless auto-gasoline (JIS K 2202-2).

The experimental procedure was as follows:

The 100 litres of gasoline (10 cm deep) were used per test. The fuel was allowed to preburn
for 5 or 10 min. The foam agents were premixed to 3 or 6% concentration in fresh water.

Following the preburning, the premix solution was applied to the burning gasoline from
two nozzles (1/3 in scale of the Japanese standard type for protein foam), each capable of a
solution rate of 1.25 Ipm at a discharge pressure of 7.0 + 0.1 kg/cm?.

The solution application rate for all tests was set at 2.5 /pm/m? in accordance with the
Japanese Home Affairs Ministry Specification.

Two foam application methods were used. One is the plunging of foam into the fuel over
the top of the pan simulating the application with foam monitors, and the other was a gentle
application of foam on to the fuel surface, simulating the application with the fixed, top
applicators.

The results and discussions are described as follows:

1. Although the plunging of foams in extinguishing gasoline spill fires is popular, in the case of
the solution rate of 2.5 Ipm/m?, the use of synthetic foams was found unfavorable, because
they pick up more gasoline than protein-based foams, fluoroprotein foams and light water.

On the other hand, under the gentle foam application on to fuel surface at the same
solution rate of 2.5 Jpm/m?,synthetic foams worked as well as light water or fluoroprotein foams,



and extinguished the gasoline fire of the same scale in about half to two-thirds the time
protein-based foams took, but when prebumn time increased from 5 min. to 10 min., the
difference in extinguishing time between the protein foam and synthetic foam or between the
protein foam and light water considerably reduced due to the increased fuel temperature.

The above mentioned experimental results indicate that as for the application of synthetic
foam agents to spill fire, high expansion foam or medium expansion foam is more effective than
low expansion foam because the former two have smaller pick-up of fuel and quicker
extinguishing effects than the last when the application rate is the same.

2. Both for the plunging application and the gentle application methods, light water and
synthetic foam have poor resistance to hot oil, uel vapor sealability and burnback compared
with both protein foam and fluoroprotein foam.

From the above reasons, both light water and s nthetic foam agents now on the market are
presumably not suitable to extinguish large scale gasoline tank fires after a long preburning,
because there is a fear of reignition by heated side wall and hot oil surface.

3. From the results of the compatibility tests of protein foam with light water and synthetic
foams, it was found that the combination of a protein foam (1.25 /pm) and light water (1.25
Ipm) took a shorter time in extinguishing small scale gasoline fires (1 m?) than a protein foam
alone (2.5 /pm) under the condition of either the gentle application or the plunging application
after a 5 min. preburning. It was also found that the combination of a protein foam and a
synthetic foam successfully extinguished the same fire, only when the gentle application not
the plunging application was used. Among the agents used in this study, except for
fluoroprotein, light water was the only one agent which had a good compatibility with protein
foams in extinguishing not only spill fires but also oil tank fires. These results agree with NFPA
11B.

4. When fuel vapor securing ability and burnback resistance are taken into consideration,
protein foams including fluoroprotein have the highest ability to prevent reignition, followed
by light water, and synthetic foams. When a protein foam, and light water or a synthetic foam
were applied together at an equal application rate, both the fuel vapor securing ability and
burnback resistance were much lower than those of protein foam alone, and rather close to
those of light water or synthetic foams.

However, the combination of protein foam with light water proved to be superior to light
water alone in respect to the ability to prevent reignition.

5. Tt is dangerous to directly apply the results of the tests to the operation in extinguishing long
preburning large scale gasoline tank fires. The results need to be verified on a large scale fire,
whether they can be applied or not.

But, sorrfe of the test results, concerning foam compatibility, fuel vapor securing ability
and burnback resistance, can probably scale up in practice to give predictable performance on
full scale gasoline tank fire.
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Fig. 1 Outline of a foam stream in the ducts in horizontal transport of hi.-ex. foam (expansion ratio: ca.
500)
1; fan (the mean wind velocity is 3.7 m/s at the front of the net), 2; fog nozzle (15.3 1/min), 3; net for
generation of foam, 4; duct made of transparent PVC plates (cross-section = 52 cm x 52 cm), 5; reducer
duct (0.86 m dia. x 1m+ 0.3 m dia. x 1 m, made of vinylon-tarpaulin) and 6; duct for connection (0.3 m
dia. x 5 mx 3, made of vinylon-tarpaulin)
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Fig. 2 Frictional forces F, and F, relating to static
pressure loss per unit length of duct in horizontal
transport of hi.-ex. foam

D; _diameter of used duct,

Df; mean diameter of cross-section of foam stream,

F, ; a frictional force of duct wall of unit length to
air stream and

F, ; a frictional force on outside area of foam stream
of unit length to air stream
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Table 1 Experimental values of Ap and Ap, and calculated ones of Dfand (Df/D)2 for hi.-ex. foams of some

expansion ratios

Experimental values Calculated values (1)
Expansion tatio In blowing only In transport of foam N
of hi.-ex. foam Mean wind Dy (DfIDy*¢
ADp, velocity (2) ap Dy (cm)
(mmAg/m) (mmAgq/m) (cm)
(m/s)
ca. 500 0.36 9.3 1.1 ca. 20 19.0 0.40
ca. 650 0.33 8.0 1.4 ca. 20 19.7 0.43
ca. 750 0.23(4) 5.8 2.2 ca. 20 20.6 0.47

Remarks: (1); obtained from the Eq. (5), (2); in the duct of 30 cm in dia.,
(3); D= 30cm and (4); the presumed value from the ones of Ap, which were experimentally
obtained for the wind velocities, 9.3 and 8.0 m/s
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A Relationship between Duct Diameter and
Necessary Cross-sectional Diameter of Foam
Stream for Effective Transport of High-
Expansion Foam through Ducts

(Abstract)

Rokuro Nii
(Received May 31, 1978)

As already reported by the author, the following conclusions were obtained: it is necessary
for the effective transport of hi.-ex. foam through ducts to maintain two steady coaxial streams
in which inner one is a foam and outer one is air; the transportable distance is a maximum,
when the ratio of cross-sectional area of foam stream to that of duct is about 0.45.

The following equ. (1) was derived by the author as the result of the theoretical
consideration on some relationships between the static pressure losses and the frictional forces
to air stream of the duct wall and the outside area of foam stream

Dy=D~ (Ap - Ap,) [ 2Ap — Ap,) ®

where Dy is the mean cross-sectional diameter of a foam stream, D the diameter of used duct,
Ap the static pressure loss in foam transport and Ap, the static pressure loss in blowing only
per unit length of duct.

The calculated values of the (Df/D)2 for hi.-ex. foams of various expansion ratios are
nearly equal to the experimental values.
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