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Table 1 Performance of foam generators used.
Application pressure . 10kg/cm?

Mean F.xpansion Maximum allowable

Foam solutin at back back pressure
generator flow rate pressure

1/min 1 kg/cm? kg/cm?
No. 1 9 3—4 1.3
No. 2 11.5 2—3 2.3
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Fig. 1

Schematic view of experimental apparatus.
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Fig.13 Spreading rate of area enclosed by the
initial foam front from the time of appearence

of initial foams on the fuel surface. Fuel:

B-heavy o0il; tank diameter: 1.2m; foam solu-

{c) 10 sec (fy 60 sec

tion application rate: 5.0 1/ min.m?;expansion

14.0; 25 % drainage time : 2 min
Fig.12 Developement of protein foams on the

liquid surface. Time after the appearence of
initial foams on the liquid surface is indica-
ted in each photograph. Tank diameter : 1.2m;
fuel: gasoline ; expansion: 3.5 ; solution flow-

rate; 9.4 1/min.

Table 2 Comparison of properties of foams sampled on the fuel surface

and at the inlet of the tank. Fuel ! gas oil; fuel thickness: 112 em.

Foaming Sampling Application back Expansion 25%
agent position pressure pressure drainage time
kg/cm? kg/cm? min: sec
Fuel surface 6 1 2.8 2. 48
Protein(3%)
inlet 6 1 2.6 2110
Fuel surface 9.6 0 3.8 3:17
inlet 10 0 3.8 3157
AFTF(6%)
Fuel surface 9.6 1 3.0 4155
inlet 9.6 1 2.4 5. 06




BANEEIL, OB VE oo h, o5
D Lhhotz, BoOMmP~OEHFRKIRE Figs. 16~
BIRT, RILEGERRRE TR, LZAE(RDEDS
RBgENMO/INEOKRE B IE, RiBHERIISGIBEEN

® Proten {3%,
20k A Froten (6%} !
O Flyoroproterr
. /
s ® AFFF /’
. /
S
< /
ai0F .
% /
3 ,
< /
e} 1
0 5 10

Expansion  ratic

Fig.14 Fuel pick-up vs. foam expansion ratio
for various foams injected vertical ly upward
into gasoline. Foam solution flow rate : about
9.0 1/min;nozzle diameter : 19mm; fuel thic-
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Fig.15 Fuel pick-up vs. foam expansion ratio
for various foams injected vertically upward
into gas oil. Foam solution flow rate: 9.0 1/
min; nozzle diameter 19mm ; fuel thickness:
1.1m.
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Fig.16 Protein foams injected into gasoline.

Solution flow rate: 9.4 1/min ; expansion:3.5.



Fig.17 AFFT injected into gasoline.Solution

flow rate: 8.8 I/min ; expansion : 3.9.
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Fig.18 Protein foams injected into gas oil.

Solution flow rate: 9.4 [/min ; exqamsion :3.5.
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Table 3

Extinguishment of oil fires by base injection of foams.

Vessel Fuel Fuel Foaming Preburn Free- Expansion 25% solution 90% Extinction
thickness agent time board drainage application control time
time rate time
cm min cm min:sec  1/min% min: sec min: sec
Fluoroprotein 10 65 2.4 0:45 2 2:05 5:20
gas oil 70
AFFF 10 65 2.7 1: 00 2 1:10 6: 00
1.5X1.5m
Fluoroprotein 10 65 3.5 6:44 3.8 1: 05 4:45
gasoline 37
AFFF 10 65 3.9 5:25 3.9 0:55 N.E.
gasoline Protein3% 3 3 5.5 9:30 3.0 2:00 6: 00
2m¢ 10
B-heavy n 6 30 4.4 3:00 2.2 3:30 4:28
oil
Protein3% 20 40 5.5 8: 00 4.5 0:40 N.E.
i 20 40 3.5 9: 30 4.5 0:55 2:49
1.2m¢ gasoline 40 Protein6% 10 40 5.5 7:12 4.5 1:55 N.E.
Fluoroprotein 10 40 5.5 7:10 4.5 0:40 2:22
AFFF 15 40 5.5 4:20 4.5  0:30  1:11
Notes: N.E. means that a fire is not extinguished

Ignition

Irradiance

23

Fig.19 Irradiance from l2mdiameter gasoline
fire in extinguishment tests with fluoroprotein
[3%] foams of expansion 2.0 and foam solu-
tion flow rate 4.1 1/min which is injected at
the base of the tank 20 minutes after igniting
the fuel.
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Table 4 Extinguishment of heavy oil fires by air-foams.

Tank diameter: 1.2m; preburn time : 30 min.

Method of Fuel Free- Foaming Expansion 25% Solution 90% Extinction Oil froth
injection thickness board agent drainage application control time thickness
time rate time
cm cm sec 1/min.m? min: sec min: sec cm

Slop over occurred 30 sec after

Base 60 40 Protein(3%) 2.5 <30 4.5  start of foam injection
54 46 AFFF 2.9 <30 4.9 1:00 1:00 N.F.
60 40 Protein{3%) 2.5 <30 4.5 2:10 2:25 30
Top side 55 45 Fluoroprotein 2.8 4.9 1:00 Foams dis-
appeared
55 45 AFFF 2.9 <30 4.9 1:15 1:11 N.F.

Notes: N.F. means that oil froth wasn’t formed and foams remained on the oil surface after
extinguishment as shown in Fig.21.
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Fig.20 O0il froth immediately after B- heavy
oil fire(1.2mg) is extinguished by protein

foams injected at the top side of the tank.
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Fig.21 AFFFfoamsimmediatelyafter B-heavy
oil fire (1.2mg) is extinguished by base inje-
ction. Vigorous convection is obseved in

foams which contain small particles of oil.
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Slop over test of various foam solu-

B-heavy oil is fléatéd as a layer 5

This photograph shows the instant of slop
over.
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Report of Fice Research Institute of Japan No.44(1977)

Extinguishment of Oil-Tank Fires

by Base Injection of Foams

Atsushi Nakakuki

(Abstract)
(Received June 18, 1977)

The extinguishment tests of oil - tank fires by base injection of foams have been
carried out in a laboratory scale. In addition, various factors affecting the foam pro-
perty, the development of foams on the fuel surface, and the amount of fuel pick-up
by the foam have been investigated. The fuels used are gasoline, gas oil and B-heavy
oil, and the foaming agents used are protein(3 and 6%), fluoroprotein{3%) and AFFF
——Aqueous Film Forming Foams(6%). Cylindrical vessels of diameters 1.2 and 2m,
and square vessels of side lengths 0.45 and 1.5 m are used. For all types of foams
used, the use of very low expansions below about 3.5 at the largest is necessary to
minimize the fuel pick-up to such degree that the foam fire can not be sustained. It is
seen from the photographs of foams injected into oil that the smaller the size of the
foam distorted when it is injected into oil, the more is the fuel pick-up. F'luoroprotein
and AFFTF foams exhibit better performances on tank fires than protein foams. In
extinguishment tests of B-heavy oil fires by AFFF (6%) foams, the oil froth is not
formed. The effects of foam solution application rate, preburn time and tank size on
the 90% control time are expressed well by the equation proposed by Meldrum in the

case of extinguishment of gasoline fires.
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Table. 1
PS-1

DIMENSION
Overall Length
Wing Span
Overall Height

WEIGHT
Empty Weight

Maximum Take Off Weight
Maximum Landing Weight

PERFORMANCE
Maximum Speed
Range
Water Tank Capacity
Scooping Distance

New Type Fire-fighting Flying Boat
No.5801

33.5m
33.2m
9.8m

25206 kg
43000kg
40900kg

490km/h
2120km
84001
below 2000m

(From 15m approach altitude to 15m climb-out altitude)

Scooping Speed
Scooping Time

Water Discharge Rate
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rzLorERI AR,
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30001/s
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v 7 BMEHAERIBRAERUNED H BN, EBE
i3, MERBO RGO HECEAL, BmEES CH
ERBIA - HITREN A R L) ¥ F—TEHEREN
72, ERBEANOAIERIE Fig. 1 12777,
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Dropped Watetr Volume

Measuring Vessel

—

pped Water Density:.

_[Dro
5}* ~l——‘ Measufing Area
3. [ % T f :

__f“’

Model House

Fire Model (5mx10m)

Flight Direction

wpg wog

14.5m Radiation Meter

Fig.1 Plan of experimental field.

3.3 EEECNT ARG ERUHBEREE

48 (2.7mX2.7m) HIHOFROERFTE 4 B
PEFEOMMBEI m TEELBE SN, 12mm B0 S
(3t FE D 1.8mDERIZ20cm X20ecm DA BT, %
ODROBRBIIZ e =— &S EH ) >3 T, FH@EICxH

TARAMAEL L REAEBOIS L BN ‘Aéf*ﬁ(%ﬁﬂi
PRSI, EAE, EBREEO LRI 2E, &
ey 8kl s, ‘?j(%ﬁiﬂ"";ulz(%mqﬂu

L, AR E=— L2 HAENA -2 % FHSTL,
FOEEEFH TR ETLFECHRL, HAEERD
% (AN

WA EAL0—207 IS ERE L v 281
il EmEEEANEREE ERCBRT RO 9
Fr(fRn )iz, BrELHEED20cm X20cm DRERE
’?Hu]‘t%'aﬂilbntc I 0igA L EE R E & 6]
Bz, RBE2B TR AMTHEL, FEE1K
LoR2Y (AN

EHBFBETMREOLN, ROMIHSRBA 25T
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Fig.2 External view of the openings to mea-
sure the density of water received by the ver-
tical plane of model house and the test pieces

to measure the density being attached to wall.
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4.
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Fig.3 View of dropped water.
H=79.2m V =166.7km/h where H and V are
the altitude and speed of aircraft.
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b b B § TORFRILEE148km/h D428
B, 215km/h B &2 10 TH ), HEORLE L
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mTHY, TOMIBIT%ETENnERI -T2
AEIIHBE T, UBEBIZOEIZE W,

to
I(gec) 05 ".O

H=43m - g
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t=0
(sec) 05 110

V=215 kmyg,

Fig.4 Example of the dropping water front line
obtained from films.
H and V are the altitude and speed of air-

craft, respectively.

X {m)

0 50 100 150
, . >
rE -

> 50

g - 1V=148.2 km/,
b & 1V=187.1 KMp
< 1V=214.8 km4
-100F -~ :Break-up Point

Fig. 5 Loci of dropped water.
X and Y : horizontal and vertically down-
ward distances from the start point of water
drop, respectively.

V is the speed of aircraft.
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Water Drop
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4. th
Water Drop

718 19 20 2
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Fig. 8 Change of irradiance from model fire with time when water is dropped from the
flying boat.

Table 2 Rate of irradiance decrease by
a series of water-drops.
Water drop Irradiance Minimum irradiance The rate of irradiance
before drop {kcal/m? h) after drop (kcal/m? k) decrease
first 580 271 0.53
second 391 143 0.62
third 218 87.5 0.60
fourth 140 52.4 0.63
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Report of Fire Research Institute of Japan No.44(1977)

Test on Aerial Fire Attack using
Four-Engined Flying Boat

( Abstract)

by A.Watanabe, Y.Kasahara and 5.Kaneda
(Received July 13, 1977)

In succession to the preceding experiments on water drop using fixed wing air-
crafts and helicopters which showed that aerial attack would be effective for forest
fire figting, the possibility that water drop from a huge flying boat can be used against
urban fires accompanied with earthquake is considered, in cooperation with the Japan
Maritime Self Defence Force.

A PS-1 antisubmarine flying boat has been converted into an air-tanker with the water
tank capacity of 8400L

The coverage area received density of 0.5 {/m? would be 100-150m long and 40-50m
wide when the water is dropped at the speed of 170km/h and altitude of 60m.

F rom the experimental results, the effective area can be estimated, if the speed

and altitude of the air tanker at the water release are given.
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