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Studies on Factors Influencing the Deterioration
of Fire-Fighting Foam Compounds
III. On the Formation of Glycine—Ferric Complexes

(Abstracts)

by Makoto Hoshino
(Received February 4, 1970)

The visible absorption spectra of aqueous red solutions of glycine and FeCl;, Fe(ClO,); at
relatively high concentration under acidic conditions were found to exhibit an absorption at
450 mu which could be explained by the formation of glycine-ferric complexes.

As the pH value was raised, brown-red precipitates were formed.

The precipitates diminished when the content of glycine increased.

The binding ratio of glycine-ferric complexes, was found to be [ : 1 by means of the mo-
lar ratio method, when counter ion of Fe (I) was CI~ and ClO, respectively.

As the complex forming species which may be considered the cause of absorption at 450my,

a glycine zwitterion was chosen.
Both Fe** and FeQH?* were considered as the complex forming species.
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Fig. 1 Schematic diagram of the experimental
apparatus.
1 5 air compressor, 2 ; air reservoir
(desiccator), 3 ; manometer, 4 ; device
for making single bubble, a ; screw—cock
for adjusting atatic air pressure, b, d,
e, f; two-way cock, c; three-way cock,
g i xylene, h ; flexible PVC-tube,
i ; wooden bench, j ; cylindrical box
with a hole, where single bubble is
formed, k; device for rotating the box
ca. 180 degree, | ; mirror scale for
measuring the max. height of single
bubble.
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Device for making single bubble

(2a) ; Side view of the device before the immersion

(2b) 5 Plan view of the device before the immersion

(2¢) ; Side view of the device after the immersion and revolved ca. 180°

(2d) ; Supply of foaming solution with a microsyringe into a hole

(2e) ; A section in the neighborhood of the hole

A ; cylindrical box which is made of Aluminum plate, B; cylindrical box
which is made of galvanized iron, C; glass cup (40 mm¢ x 15 mm), D ;
microsyringe : MSN-10 type (the min. scale; 0.2 uf, capacity; 10 u#4)
manufactured by JINTAN-TERUMO Co. Ltd./Japan, E ; PVC-tape, F; the
surface (a; az or by by) with a hole, G ; epoxy resin, H; 60 mesh brass sieve,
1 ; nail for stopping

Table. | Details of foaming solution used

Concentration of

Sample number gt o seagent’ footorer | Chemical components | R OnR O
No. | | “S.F. Air Foam”, 3% type | A hydrolyzed protein -~ 3.0 vol %
No. 2 ‘ “Neogen T” B ABS+ Triethanolamine 0.5 wt %
No. 3 l “Snowlap No. §” C n-ABS(soft type) 2.0 wt%
No. 4 | “Smowlap No. B-20” c ABS+0.2wt % CMC 20.0 wt %
No. 5 | sDS | p [ Sodium Deceerl 0.2 wt %

sulphate (reagent)
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MOBEN Y B—SBERO D OR/INFET L EEL
eDTH b,

Table. 2 Details of the experimental conditions

Gameter [fouming solution|  Supply-method of
(mm) (x107%4) |
{ hmax ) 10.0 ca. 20~60* Immersion-method :
8.5 7 10~50% Fig. 25(2a)~(2¢)
5.0 7o 5~20* and (2e).
_____ h 3.0 v 2~ g*
; | R
H f— g =l E 1.5 0.2~1.0 microsyringe-method :
G 0.7 0.4, 0.6 | See Fig. 2;(2d) and
Fig. 3 A section of single bubble formed 0.5 0.2 (2e).
b ; single bubble, #; radius of curvature,

d ; diameter of a hole, A(4 max) ; height
of the bubble (the max. height of the
bubble), F; surface with a hole, G
epoxy resin, H ; 60 mesh brass sieve

* The calibration of the used quantity of foa-
ming solution was done by using a microsy-
ringe of MSN-50 type (the min. scale ; 2 4,
the capacity ; 50 p8).

3. RBRER LB

BANEET Pmin % EBRINT IRE L1z —@1% FLEN
1.5mm DFHITOF, BAOBENCHTHHEARA
DEX hmex OBESY Fig. 4 rd, Fie. 4 D54
g2 v WEFNE] (S.F. Air Foam) 4% (4a) =

B EF] (Neogen T) D&% (4b) 1Zind, Thb
DR H HERREC X 0 B/NSENNRLD 2 &b
Bo FAF VTIEBWT. iz, HHEKE Q214 OB
A, WOEHBEREOBE L2 R REREN

12 «S.F. Air Foam (3% type ), 3.0 vot %
EI0F (4a) Symbol : used quantity of foaming sol.
s gk o 1Oxp(106)
S o - 0.6 “
T < L
Ly 6 x ;04 0.4ul
E -y s ;02 " -4
S d 0.6ul
¢ & 2+
f); - 0 1 § 1 1 LA~ i 1 1 L L ANPA-olLAeel 1 i y
a g 30 35 40 45 50
v T mmAq
5 &
< L
- .. Neogen T", 0.5wt %
° 3 .
< T e e
- @ s 3O X 0
§) E b S x A
& A O
e ?d
vy a
£ 8
£ 2
g = 0.2ul
x £
i 1 1 ] 1 1 4 By W /- i i 1 ]
40 45 50
Static pressure , P mmAq

Fig. 4 Relationship between the maximum height of single bubble formed and static pressure

in case of the hole diameter 1.5 mm
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s 8 36-
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Fig. 5 Relationship between the minimumystatic
pressure required to generate single bubble
and hole diameter

g% P, £ 88/ oy

P,=87/d

S2r = 4 pressure loss for 02 1.5 mm
48+ p3= Prin- R= tolal pressure (oss
44F Py =P, = the other pressure (0ss

40+ for d2 1.5mm

16+ “Neogen 1" Py- P,
ol 05wl %

Pressures: FPmin, BiPy. Py and Py- P,
8
T

0 L ‘11\.\1—1—1—»4

1
02 04 06081 152 4 6 810
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Hole diameter, d

Fig. ¢ The illustration of the physical meaning
of the minimum static pressure obtained
under the experimental conditions
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KEVWZEIZELLTH D,

ILE d=1.5mm OB/, PP L5 ESHEKT

4. #

ZOERBREHD L & TRAEFT Poin REED KX
FEA LICDIRETHBR TH - 1.

EHABROEBLFERLLE X0 2 v 2y HEFEHIO
REBAEEAPN0 LT TH A EvbhT v 5 KR
i, 2 v HFREROFRERIMEOKRE O &, Tt
LNZED hmax DEPHEREHREF DO ThOF 1/2
~1/3 THHIDEELZOND,

ERERRERO X v PSR 2 XATE%T,
F—% v FEDOWTiL, FDxy FEEYQLTRE, +
Tebb, F v FEEOHWEIEDBELCHFRND B L T4
END, 3y VEHEOEBRBOBEZN v F OERDH
1/2 (SIDEBRCHE0. 1l mm) LTFoL &, HEER

SHL LB RICBRYENCH L &5 A0 HF]
XHEL, FLOHB FCHERAYIL BT 5o oFECE
L TEbhicéELbRLD, Likhi>T, ZOENE
BRI RR O DICER L1602 v ¥ 2 &HLOHE
HHbLTWEM, 3=2d=10mm OFHET, (ZF—
BT T B, Fio, FLOPCRAES AERE T/
bbb, WEOBELESHE NS HE, P HRE
HBESTBE L ABL T (Fig. 4 B8,

5

o
E:]

EF oy FEOWENCERNT A RERLENRIS AT S
ZENTFHEEIND, ZOX ITENS, Fy FHED
WWEDEZ LD L &L H v P DELBEL R HER
THI Xy FHY#ELTHETQALTLEND D EF
Z B

ZORELRIERTHEHID, EEZEOEBELOMOR
+HoLICo %, FREBERRAOCCILUAREERY:
LA S OBWEBEEBEL VI Wc 2 EXRELT,
BLEHERL BT,

2 ¥ X #
1 BERSEMES, RERHIFEE, p. 9 (1957).
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Report of Fire Research Institute of Japan No. 31 (1970)

Studies on Generating Mechanism of

High Expansion Air Foam

II. Relationship between The Minimum Static Pressure
Required to Generate Single Bubble and Hole Diamter

(Abstract)

by Rokuro Nii
(Received February 4, 1970)

In order to elucidate the generating mechanism of high expansion air foam, it is necessary
to find out any relationship between the minimum pressure of a blower required to‘generate
it from liquid film, which is formed on a net plane by wetting through the whole net plane,
and mesh of a net used. In order to attain this purpose an experimental apparatus was
devised by the author. The minimum static pressure required to generate single bubble from
a hole can be measured with the apparatus. The schematic diagram and the main parts of
the apparatus are shown in Figs. | and 2 respectively. The details of foaming solutions
used and the experimental conditions are shown in Tables | and 2 respectively.

Relationships between the maximum height (See Fig. 3.) of single bubble generated in case
of the hole diameter |.5mm and static pressure are shown as examples in Fig, 4:in (4a)
for sample No. 1 ; in (4b) for sample No. 2. The minimum static pressures of those
cases: (4a) and (4b) in Fig. 4, were determined as denoted with the broken lines in those
figures. The relationship between the minimum static pressure required to generate single
bubble and hole diameter is shown in Fig. 5 for each sample.

Now, considering the physical meaning of the minimum static pressure Prin obtained under
the experimental conditions, the following equations (1)~(8) are obtained.

Pmin=P1+P3 (1)
P ==8v/hmax (@)
P,=8y/d for d=1.5mm (3)
where P, ; a pressure difference (dyne/cm?) required to form single bubble of the maximum
height (Bmax), P, ; a pressure difference (dyne/cm?) required to make a foaming solution in
a hole form a liquid film of a semi-sphere which has a radius of d/2, which is a pressure
loss for d=1.5mm, P, ; total pressure loss (dyne/cm?®), P,-P, ; the other pressure loss for
d=1.5mm, ¢ ; surface tension of the solution (dyne/cm), %max; the maximum height (cm)
of single bubble formed and the height is measured from the surface (F surface in Fig.3),
d ; hole diameter (cm). The relationships of pressures as follows : Pmin, Py, P, P; and
P,-P, versus hole diameter d are shown in Fig. 6.
From the experimental results and some consideration the following conclusions were

— 12—



obtained.

A pressure contributing to Pmin is total pressure loss P, and the other pressure loss P;-P,
is nearly constant for d=3.0 mm under the experimental conditions.

It is said that the highest expansion ratio of protein-based foam is about less than 300.
It can be presumed that the reason is owing to the surface tension (ca. 55 dyne/cm) and
the observed value of Amsx, which is 1/2 or 1/3 times as much as those of Bmax in case of
the synthetic foaming agents.

It can be suggested that the required thickness of liquid layer to be supplied onto a net of
a practical high expansion foam generator should be maintained at least, with a larger
thickness than that of the net used.

— 13—
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HHE 19ecmx20cm DL DOE B, Fiz, REHR Y
TERHERE S5 $%2 v 7 35 RSM % futo, 2R
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HMERODLDHT.5m Thoto. X HITEREBICHER
Lol # 7 PR 2 7 » FRA—E 0 KERE. R—
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2.1 RERER

FMERA T8 5ANT, FREREHLE LT, FRAF 2 b
ADO L REEDOPE & ROFANDOEEFIT OV THIER T
totc, - X —OEEREY VA FEE7— ) —i2 X
T, EHEEERA 1200, 1600 ¥ X% 1850 rpm (27
bL, FERETHLER 4 27 + 05 HROWERIZ B
T, BEEO 9 AT OWE SIS i 5 FHEEY KHEM
BK.K. 8 EXRNE 7 ABBGFCHEELL (Fig. 2 B
I fag. 3 BIB), COMRE, W5 (Fig. 2 2
T, EHIREN A 7 FEEONT AR <R, HEEE
FATIHE B TH D X TER L. EHIT, T
HEOFRRIZET, HABSFTEK. K. BERENERE
A E TAM-60 ®l3s L O° hot wire element & LT
Model 29-8110 # Fi\~C, SFgEEIox+ 2 hoEig
PRE LT, S OEIEL, FHEE 2 3~3. ITm/s o5t
L 10.6~10.9 % THoic, ZORESHUEDFERY
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1 ; reservoir of foaming solution (ca.
0.75 kW, 30 ¢/min,

multiple-blade blower assembly (SRS-No.
manufactured by EBARA MFG. Co,,
4/H), 5; flowmeter (400-4000 4/H),
multiple-hole plate (opening percentage=50%), 9 ; rectifier,

mm Agq,

3 4

520

520

Schematic diagram of laboratory high-expansion foam generator
4204), 2 ; water pump assembly (35 RMS-TYPE,
manufactured by EBARA MFG. Co,

Tokyo/Japan), 3 ; standard
1 1/2-f-6-TYPE, max. 40 m®/min, max. 50
Tokyo/Japan), 4 ; flowmeter (180-1800

6 ; switches, 7 ; pressure-proof rubber hose, 8 ;

10 5 fog nozzle, 11 ; net
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+: a place where a mean wind velocily

was measured.
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Fig. 2 Measuring Places of mean wind velocity in the air duct
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Fig. 5 Device for fixing nets of different areas

i)
S
2

Direction

Fig. 4 Fog nozzles used (11; frame for fixing net, 2 ; rods for fol-
. : ing net, 3; plate for holding net at the
Name Const}-uctxon Dia. of Numbers top and bottom of frame, 4; a net of
and size a hole  of holes B § .
N b 0.25 m2(Ss), 55 a net of 0.31 m2(S;),
No. 1 the same  1.0mm 24 © 6; a net of 0.45m?(S,), 7; plastic plates
No. 2 ” 1.3 7 ” for holding both side-ends of net
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FHEME DA B0Avva) |BTHote, INHDFK
FOF v ML, FThBRL L7 P HECFTRES LD
(So EWFR, * v FEBE=0.5m X0.5m), — 2D
BB 54D (5 LMH), Z20HhBOH % D
(S, &) D3FER AV, S i BIO S, DFE v b
E#E, FRER0.31, 0.485m2 THots, v PO
oML Fig. 5 BB, ~VF 4 7 v I EEE
B 2 vIREEY (BB CRRD) ©3.04
m x3.04m % 3. 12m(=28.8nd ) D/NBABMEL, FER
FREEE I PEBLTIRCIOPBRCNETE S X
51 L,

2.2 RARBAE
REEEOWRIGE > N —EROWHE Ah, BT
EDOREIC L, £V IO/ AN ~DHKROHRE
BUISFRAREHORRMEC L, BEHG vy
THRE L, BUKEDZL, HWE/ XA No.o | BID
No. 2 LT, » ALHEREIT, 1.0~2.6 kg/em?, #
KB 12~22 ¢/min OFEF CE 2, BWE/ Arh
LITERDOWMBEORIHAUL U - TH, FIED IR
BE LR B A RS L CERRN Y R X, —F
OWFERERICG L, BORE RSO EERKAS 1200,
1600, 1800 rpm @ 3FET7rdbb, 2.3, 3.2, 3.7 m/s
D3BEHICE 2T, TORBEEBZK T, PECLE
e EY 5 A OFTERRIIEE | 26, RafsEs
FRZE OB IS0PH. REARMFCECESL 2T
BiE Lic, BB IOSAEILERE, NEROEDOSE

oW THERTeV, WOBRISEEINCEL 254
BFHOROFEERDT, PEHNOBWEBLERL, X
LIk & 7 FMCBRETAREL CRZNELT, 85
DREEBEYEH LI, JORAEYFSOBRERERT
HHELTWREARE LI, 26T, EROLDOHE L
FEREO R v FMEREOBEEZY L5, Fig 6
RT 28T b = — AE R EE U CTEMRESTC
BE, EHERT/icoT,

AA" Arrow- Direction

Fig. 6 Device for measuring static pressure
difference between front and rear of net
1 ; fog nozzle fixed, 2 ; rearside of net,
3;and 4;a pipe of 4 mm in inner dia-
meter X 30mm in length, 5; iron plate
for preventing the frame of net from
moving, 450 mm X 1000 mm x 22 mm, & ;
polyurethan—foam-rubber plate for pack-
ing a gap between the frame of net
and a wall of the duct, 73 connected
to each monometer, L ; distance
between fog nozzle and net

I REBLHER

3.1 HEREBREC KT HEOHEE/ XL, v b
LV /XLERy MHO EBRED 12D FRHE
EBR

¥, BEHA R-A MR XACT, BHRY 0L Ex0
BHEM (WREN 4~ 85 OBAICEOREENL

BRI R EOBECGECEE Tiobh, 0.24wt %

CoWNWT, HEEE, A No. |, HREREINT. 2~

17.5 4/min, > A ki vy FEIOERE 45 cm DX XD

Fv bOBHIE, Fv POERE, BEEEREOMEY

LR, FO R Table. | Wi+ THE,

DEZ, BH, BREER LIV, At Fy FEOE

BEOS TR ERDEBEA—TH BN, ALK, X1

BFE, A No. 2 T, HEREEHEMN 21.1~21.3

£/min TH 5 EHBIc DA ORMESIE R % Table. 2

ZiRt, Tables. 1, 2bdbhd X5 F y P OIS

THTHHEEHL, HLBEH L 2mm OFA R v b3

BRESARL R, BHAS) ATHEY, BEEN

1.0mmX 1.0mm DHEY =X FARBMERIAFRAL Y L X
LREAMNRIFTHDL I ENEDLNI. Fio, B
2 A No. 1 OFNNo. 2 X193 TwBIED
bhrots, WFE/ A No. | & No. 2 DELEHERS
B, BfiEF DAY = AFAFCOWTHREEY
Bz THRELIERIY Table. 3 2R+ EE80THS,
Table. 3 psb, ZOERMEEBETILIHESE 2 X4 No. |
HET L EICRDT, CHhETOERTIE, Wkt
R 17.24/min P ETHo1OT, WHKHEEEN D
DELTOBEFIZOWT, BARIOZOHRY = AT L
FOF vy MNEEEELZ TREREL LS, #FHxy
FOERFEBECT LD, BT, (v FOWEOR
B)-CRIED £ v v 2 F0-(F v PEEDKE) ¥H 5
LTS, BT, WBME 1.2mm (17 £ » ¥ a2l
YD) D 0.25 nf DXy MEBEOTHEMFELERALICE
iy, L-17-Sg LWERA+5, Fio. OFEBRTHEALIR
BRIkt D )7 (Fig. 7 B8, fiMOH 25 £ v aif
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Table 1 Relations among expansion ratio, used net and mean wind velocity
in use of the fog nozzle No. |

Used net Mean I
wind Expansion K
Material Width of mesh Weaving Used f velocity, | ratio Remarks
(Abbreviation) (Mesh number), mm | method i‘:ta ° m/s
About 6.0 ( 4) Pl:?tiing Se® 2.3 — } No foaming
v 3.0 (12) ” ” 2.3 — ’ Slightly foaming
” 1.5 (12 ” ” 2.3 100 1) 3 Sy=0.5m X 0.5m
” v ” ” 3.2 170 =0.25m?
Polyethylene ” v o ” ” 3.7 160 (No fold)
PE ;8=1.25 §
(PE) ” v ” 5,2 2.3 290 2535 _1 > z
” v ” ” 3.2 230 =0.3Im
(One fold)
” VR ” ” 3.7 180
3)¢5,=1.80 S,
” v ” S,» 2.3 510 =0.45m?
” n o ” ” 3.2 460 (Three folds)
” VR ” ” 3.7 410 4) ; Linen for
ro12 UD " S, 2.3 510 mosquitonet
” v ” ” 3.9 300 5) ; See Fig. 7.
” P ” ” 3.7 240 6) ; metal net,
and+ ; used as a
Linen® (L) ” v ” Sy 2.3 580 conventional call
” VA ” 4 3.2 430
" v n ” ” 3.7 370
” v ” S, 2.3 420
» 1.0 (25%) 5 S 2.3 750
” VA ” ” 3.2 450
Polyester (PS) - ” v ” ” 3.7 270
” v ” S, 2.3 670
” VAR ” S, 2.3 580
Brass (B) 7 0.7 (30) 6) S, 2.3 520

Used foaming compound ; A (paste state), concentration of foaming solution ; 0.24 wt %, supply rate
of foaming solution ; 17.2~17.5 4/min and distance between fog nozzle and net ; 45 cm.

LEF+HANL SER Y T BBV Ftchro e r
7

HHIAD 0.24 wt ZOKEW, BF/ A4 No. | %
Buy, L AAEFy FRIOHBE)=45cm O L XD
FitR & WREOBMRY Fig. 8 wind, BAE 3.2
m/s NFDBE, RMIZOH Y = A5 A MRS X
Fig. 7 Schematie diagram of the texture of DENRTLGDZ Edbhnls, T, REMHBERCILT
polyester—fibre cloth used as net MEBLEEY T L, 351, RRKOWRROME
5 LD OERBHRORBENATFESTH L LHS

BMEEZD) OFEY = AT AKD 0.45 nf DF v FEHK Mgt
DLOEFER LI ¥1L, PS-25+-8, L+ 5, 7272 HFIA 0.24 wt BDOKEBE, FR v b PS-25+-S,,
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Table. 2 Relations among expansion ratio, used net and mean wind velocity
in use of the fog nozzle No. 2

Used net Mean
wind Expansion
Material Width of mesh Weaving Used f velocity, | ratio Remarks
(Abbreviation) (Mesh number), mm | method ?;eta o m/s
About 6.0 ( 4) Pli?lriltiing Sy 2.3 — No foaming
7 3.0(8 ” 4 2.3 — Slightly foaming
” 1.5 (12) V4 ” 2.3 67 See Table. 1 for S,
Polyethylen
(PE) P ron ” S 2.3 220 St and Se.
” von ” V2 3.2 160
” v o ” ” 3.7 110
” v ” S, 2.3 350
7o 1.2 QAT ” Se 2.3 440
Linen (L) ” v ” ” 3.2 240
” v ” ” 3.7 130

Used foaming compound ; A (paste state), concentration of foaming solution ; 0.24 wt %, supply rate
of foaming solution ; 21. 1~21.3 £/min and distance between fog nozzle and net ; 45 cm.

Table. 3 Dependence of expansion ratio upon used fog nozzles

Used net Sfor%girr‘;ir:gon Mean wind | (.4 fog | Expansion
A locit ;
Material Width of mesh Weaving solution . ve (:TCII/SY nozzles ratio
(Abbreviation) (Mesh number), mm method wt %
Plane No. 1 510
About 1.2 (17) knitting 0.24 ! 2.3 No. 2 470
Linen (A) ” VR ] ” ” ’ 3.2 { II:IIZ. ; igg
” VR ( ” ” 3.1 Eg: é ;é(o)
- [ No. ! 1260
Polyester (PS) ” 1.0 (25%) See Fig. 7. ‘ 0. 48 } 3.7 " No. 2 080

Used foaming compound ; A (paste state), supply rate of foaming solution ; 17.2 4/min, and used area

of net ; Sy (0.45 m?)

{#FH A No. | D& XD FERE BRAREOBR
HLuFA— 52— LTERP TSR, Fig. 9
i, Fige 9 b/ XAl dxy MREDOHHET 35 cm
NIV Edbhote, LidiaT, ZORMEROL
B, BYkhry b, WE/ AABIO At iy MHE
DFFEYRETE T, XbIL, ZOFRAERICK T
bLhic b 5—o0 BRI ik, AFOKBREEN
0.24 wt 3 Tix, BE/ X, F v MERE, BRERE
Bl L0, A sty rEOEEA RS B RHCE
FELTL, BOERTS0 U B bLhofcl & T
HD, WEREBEBOR v MIZOWTL, Ry FOMHERC
IHF, Ay rOMEEESAD S FRREBESH)

NEETH-T, #HBLCOVTE, 1.0~2.0 mm <

LULHEMSTH D EEEIELS.

3.2 BEAE. *v MIBRSSIURELHWIREOMEF
3.1 CERO LD, WAADKERKIEE0.24 wt %
THIZIRE 850 (L) EOWARBETE L) -T2 DT,
FOWRBDKEEEESY 0,48 5L V02.0wt B L, 1
WEERAR, v FERBIOCRELE 2 CHEEOREEL L
B, ERTA OYIIEE 0.48 wt B DBE DI
B o T IZIRR, BicRiseRe L h, <bHAs
tre ey b LcdoEBE w=2.3, 3.2, 3.7m/s D
BEcox, Fg. 10 @i, o, RURAOCRKE
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Fig. 8 Relations between expansion ratio and
supply rate of foaming solution under

following conditions :
used foaming solution ;

0.24 wt % of

foaming compound A, used fog nozzle ;

No. 1,

distance between fog nozzle and

net ; 45 cm. The symbols in the curves

express details of net used :

(Abbrevia-

tion of Material)-(Mesh number)—(used

area of net).

ER2.0wt LOBEORBERY Fig. 11 wid, &
NOOEBREFEN D, BIRIBED 0.48 wt ZLOBHKIIE

E

L ~25cm>-
35« S e
45 » 0
W 2.3 m/s S =
32 »n v
3.7 v
| { 1 i

1 14 16 )/
2 /min

Supply rate of foaming
solution, Q
Fig. 9 Influence of distance between fog nozzle

and net (L) on expansion ratio under
following conditions :
used foaming solution ; 0.24 wt % of

PS-

Expansion ratio

foaming compound A, used net;
25+-8,, used fog nozzle ; No. 1

MR A 900~ 1300 £%, A 2.0 wt B DBEEII# 1200~
22005 DEIERER T 2 7o, Lcdio T, ZRHOER
WHIEH, A F oy MERBEYLOTHIUE, WK
BEOBNMRBUEROBMOLDOTER (—KED)
FEFHE T, WREEER, v MEH, BREOX 57
ERIAR (CR) BEREZE UL b 5,

o
S used nets : PS-25%-Sy ; e, PS-25"S5;; ©, PS-25'S, ; o
14 140
W S
>¢
212 12
1
S
‘» 10, 1017
S
u% w=23m/s w=3.2m/ w=3.7m/s
1 L i L L ] ] 1 ]
12 14 16 .18 12 % 16 18
2 1 10 l/mi]g {/min {/min
Supply rate of foaming sotution, Q

Fig. 10 Relations between expansion ratio and supply rate of foaming solution under following

conditions :

used foaming solution ; 0.48 wt % of foaming compound A, used nets; PS-25+-S,,
PS-25+-8; and PS-25%-S;, mean wind velocity ; 2.3, 3.2 and 3.7 m/s
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Fig. 11 Relations between expansion ratio and Fig. 19 Influence of the metal net (B-30-Sy)

supply rate of foaming solution under on expansion ratio under following con-
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Studies on Generating Mechanism of

High Expansion Air Foam

III. About Practical (Fixed Net-Fog Nozzle—Blower) Type

of High—Expansion Foam Generator
(Abstract)

by Rokuro Nii

(Received February 4, 1970)

A laboratory high-expansion foam generator designed by the author and produced at the
factory of the Institute (F.R.I. of Japan) was used in this study. It is the same type as
practical one (fixed net-fog nozzle-blower type) of high-expansion foam generator, and ren-
ders a great number of experiments about the generating mechanism and the extinguishing
ability of the foam more economically feasible., The details of the laboratory high-expansion
foam generator are shown in Figs. 1, 4 and 5.

3),4),5)

From reference to several reports on generating mechanism of high-expansion foam, it
can be convinced by the author, that expansion ratio of the foam depends upon about ten
factors as follows : foaming compound, concentration and temperature of foaming solution, fog
nozzle, supply rate of foaming solution, net (width of mesh and weaving method), used area
of net, mean wind velocity near front of net in air duct (or wind volume per minute) and
distance between fog nozzle and net.

In various combinations of the several factors a great number of experiments were
performed. Furthermore, the measurement of static pressure difference between the front
and rear of the fixed net in the air duct was also done at the same time both in blowing
case only and in foaming one (See Figs. 6 and 18a~18c.). The details of the experimental
results are shown in Tables 1~3 and Figs. 8~16b.

“Theoretical expansion ratio” Er was newly defined by the author as shown in Equ. (1).
Br = gitss % M
where w shows mean wind velocity near the front of a used net toward the direction of
wind (cm/s) ; @ supply rate of foaming solution (4/min) ; S used area of the net (m?) ; and
S, cross section of the air duct used (m?). Now, a quantity Z is introduced with Equ. (2.
Z=Q/60S @)
where Z (cm/s) shows veolume of foaming solution supplied onto the used area of the net
per cm? per second, or mean thickness of liquid layer or foaming solution supplied onto the
used area of the net per second. Substituting from Fqu.{2) into Equ. (1), Equ.(3) is obtained.
Er=wS,/ZS 3



“Foaming efficiency” & is defined also by the author as shown in Equ. (4).
E=E/Er=FEZS/wS,<1 (4)
where £ shows an actual expansion ratio of foam generated, and depends upon a net used
(mainly upon width of mesh and weaving method), a foaming compound, concentration and
temperature of the foaming solution. Provided that a definite foaming compound and concentra-
tion of the foaming solution and net in a high-expansion foam generator are used under a
definite wind velocity ; and provided that when Z=Z2;,, we express as follows: E=FEmay,
E=CEmax, accordingly we get Equ. (5) from Equ. (4).
Emax=EmaxZS/Sqw ()
where En.x expresses the maximum expansion ratio under the definite wind velocity and the
conditions as mentioned above. The relationships of maximum foaming efficiency Emax Vs.
wind velocity w about synthetic foaming compounds A, B and C are shown in Figs [7a~i7c
respectively. In those Figures Zo means average value of Z,.

In consideration of the experimental results following conclusions were obtained by the
author.

A relationship as expressed in Equ. (4) exists between foaming efficiency and mean wind
velocity with regard to generation of high-expansion foam. In other words, foaming efficiency
increases in following cases : as wind velocity decreases within the lower limit of about 0.9
m/s, which comes from &Emax=1, and substituting FEm.x=1000, S/S;=1.25, Z,=7.0x1072
cm/s into Equ. (5) ; as concentration of foaming solution increases in case of the same wind
velocity and Z ; when Z=(7.0+1.0) x107% cm/s at the same concentration of the same foa-
ming compound. The possible limit of expansion ratio to which we can attain with a prac-
tical type of high-expansion foam generator may be at the utmost about 5000.

In order to get a foam of more than 1000 in expansion ratio, the foaming efficiency should
be more than 0.25. In order to get a foam of more than 1000 or 2000 in expansion ratio,
the active content of more than 0.3 or [.5wt % of a foaming compound in water is required
respectively, because such an increase in concentration of the foaming solution causes to
increase strength of each bubble membrane of foam generated, and consequently to decrease
break-down rate of foam on the way of its generation.

It is possible for low-expansion type of protein base foam generated with a high-expansion
foam generator to attain to the maximum expansion ratio of about 400 for a shorter time
after foaming. The foam, however, results in low-expansion within 5 minutes after foaming
on account of 80 % break-bown of the initial foam volume. Therefore, foaming compounds
of protein base cannot use for high-expansion foam, because each bubble membrane of the
foam is stable for low-expansion, in other words, when the foam consists of bubbles which
have membranes of larger thickness.

The static pressure difference between the front and the rear of a net of high-expansion
foam generator in generation of high-expansion foam, which has an expansion ratio of more
than 800, is about 10+2 mm Agq. It does not depend upon any kind of foaming compound
and any concentration of foaming solution. It has not any direct relation with expansion

ratio of foam generated. It is a pressure loss in generation of high-expansion foam.
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Respiratory Protection in High Expansion Air Foam
(Abstract)

by Satoshi Takahashi

(Received February 10, 1970)

Recently, high expansion air foam is widely used in fire fighting for building fires in Japan.
However, there is a question of safety of people who are closed in the foam. In order to
answer this question, a study on oxygen concentration in the foam, where a man is reposing
or walking, was performed by the author.

The two simple methods of entering into the foam were tested. (1) ; using a special mask,
which is made of a frame and metal net, has 30 c¢m x30cm x50cm in sizes, and called “net-
mask” by the anthor and (2); with naked face. The oxygen concentration in the each
method was measured with Beckmann’s oxygen-analyser.

The results of the measurement are shown in Fig. 1. Some conclusions are obtained as
follows :

(1) In case of using the net-mask, the net was covered with water film and acted as if it
were a large and tough foam cell, and air supply from outside of this cell was considered
little, regardless of the stands. The oxygen consumption in walking is twice as much
faster as in reposing.

2) In case of entering with naked-face, the foam suffocate the nose and mouth to the extent
as unbearable to breathe, but if we sway the hands so as to make a hole in front of our
face, we are able to breathe as in the open air at first, but the oxygen consumption
was larger than the case of “net-walking”. It might be due to the smaller space volume
around our head than that of the net. But once moved, the O,-conczntration showed
normal value as shown by the curve 4.

After all, it’s possible to say Entering into foam with net-mask or vinyl-bag may directly
connected to death, and when irrespirable gas cann’t be expected, it’s better to enter with
naked face and move smoothly, or preferably recommended the use of self-contained

breathing apparatus with a communicating device.
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Report ot Fire Research Institute of Japan No. 31 (1970)

Model Test of Smokeproof Tower under Enforced Heating
(Abstract)

by Ken’ichi Nayuki, Yasuo Kuroda
(Received February 28, 1970)

The smoke ventilation through a smokeproof tower is commonly carried out by natural
ventilation or enforced flow with a fan. However, the air-flow through the tower does not
occur if the inside of the tower is cool and the fan does not work normally due to the trouble
on electric circuits. Therefore, we planned the method of ventilating the smoke under en-
forced heating of the inside of the tower. The simple model tower of about 1/40 scale of
the actual smokeproof tower was used. Inside the tower, the nichrome heater could be fixed
at different heights. We obtained the following information from this test. The efficient
ventilation of smoke was observed by heating the air in the tower. When the setting posi-
tion of the heat source was below one third of the height of the tower and the plaster board
was used as the wall material, the best heat efficiency of 80-100 % was obtained. The heat
quantity which was the most effective for smoke ventilation was about 55.5 kcal/sem% We
are going to examine the applicability of our result to the real smokeproof tower in a near
future.
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