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tain. C: ceiling, F: floor, W: side wall
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Fig.2 Sketch of corridor
A:fire place, B: air curtain, C: safety region,
D: fan
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Fig.3 Variation of the optical density with time

6

when air curtain was not driven. The para-

meters stand for the position in the corridor.

(1):fire side, (2), (3), {4): safety side
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Fig. 4(a)
meters away from fire with time when air

Variation of temperature at a point ten

curtain was not driven. The parameter is the

distance from ceiling in centimeter.
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Fig.4 (b) Variation of the temperature on the
vertical axis 15 minutes later after ignition.
OA: 5 meters away from fire. @A: 10 meters
away from fire. dotted lines: the window at
the end of corridons was shut, full line: the
windows was open.
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Variation of optical density with¥time.

Fig.5(a)
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Fig.5(¢) Variation of optical density with time

when & equals zero. L=188cm, @,=30m3/min,

§=0 degree.
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Fig.5(b) Variation of optical density with time

€y=33m?%/min., L=188cm, #= 0 degree
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Fig. 10 Variation of optical density with time
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Fig. 15 Schematic diagram of stream lines of smoke
full line: smoke, dotted line: air curtain
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Study of the Check of the Smoke by Air Curtain
(Abstract)

Kin’iti Nakata and Kunihiro Yamashita

(Received February 15, 1971)

This study was taken up to develop the method of securing the escape-route from fire.
The purpose is to investigate the possibility of the prevention of smoke from spreading
through corridors by taking advantage of air curtain in place of fire-proof doors.

At first in this paper,it was ascertained that simple air curtain couldn’t check the spr-
eading of smoke but push-pull air curtain was able to effect our aim.

Next, we gave the design data for air curtain enough to check the smoke succesfully.
It was also clarified that heat transfer by convection from fire was astonishingly removed

by the air curtain.
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REBBSARE DT RERKO KL EE NI Wiz
HLEZDBND,

b. KKDEHFRMHE LUVENR

P.H. Thomas 2D KEDOERCFTTHHENLE
TRLEERBLTC, KR TEDIRDLAROHGR LR
Hirx,

=V (pr) @
k:%’—x%x%xm

¥ 7, RBaldwin i3 Scaling Law ¥ & 0'EREE
X0, 1</p<10 OFIET 2HU LD KK DL HTOH
IR & LTRAEZREL T3,

Table.3 2EOD KK OEHERIEE

D W | H S L |M.U g2

15 | 15 | 20 5 52 M 0.146
30 | 30 | 10 5 31 MU 0,161
15 | 60 | 12 3 57 M 0.033
15 | 60 | 12 | 10 | 32 | MU 0.159
15 | 60 | 15 4 54 M 0. 045
15 | 60 | 15 6 24 M 0.118
15 | 15 | 13 2 37 M 0.073
15 | 15 | 13 4 24 U 0.195
15 | 15 | 13 8 33 U 0. 318
15 { 15 | 100 ] 15 | 19 U 0.853
15 | 15 | 20 3 54 M 0. 085
15 | 15 | 20 5 28 | MU 0. 220
15 | 15 | 20 | 1o | 41 U 0. 342
15 | 60 | 14 | 10 | 32 | MU 0.159
15 | 15 | 15 5 50 M 0. 150
15 | 15 | 10 5 41 M 0.170
15 | 15 5 5 30 M 0.210
15 | 15 | 20 5 77 M 0.112

S _ L 0,98
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ERLTEDT, @RBEADL 3R LTKRDERT
B gy g B - TEXEY S,
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EXRT, 8e=4/ lt

T7i=1000°K & U T g DfEXFETHIE, g:=0.2350
Cith, LD g gn Z2EDKE, 2EHUEDKKD
ERITCO K KEFERE (dimensionless distance between
fires) L #EZX BT LT EHNHESE, bhbhORRFER
% g, Sx LHIE L3 O Table 3, Table 4 THIR
THRELLAN - FAWMOHEL &, & PHLHELL
BERTHTI =K Lk, 20 ®ORPD £=8
X (fy (m"]p /gD)) U3 OEEHHY, 7m0 D=W O
BECZOR» KRR L OB,

gr=—3- (0

(y, ©A»LEHELTEREOKEER V) OEH
KB ST B AWEE, & 36 LU0, 14% —RICERL
T & EBVTRAR LD EELDNS,

gn=8o(N,m"|p y D) )

D g BRNOENHEMT IR CTHEFCHEML,
R —BECET 5ER L EL B ND, Dbl
DOEWAKSEDER TR, 2SNZL2BOFET g 120,15
~0, 3QEFEIC s o7z, Flambeau FHEICED { KKHE
BBlcks Tz, N=342C fi=1, £.=0.5 DR TH
ok KEDEHRBALEHEINR b ol LB L,

Table 4 ZFAKOSHERER

D w H N L |MU ¢ N
15 15 10 2 111 M (0018 9
30 30 20 5 98 | MU |0.051) 5
15 15 7.5 5 48 M 0.105) 9
15 15 10 5 56 M |0.089 9
15 15 15 10 30 U [0.333] 9
30 30 10 5 86 M |0.058f 5
15 15 15 10 42 | MU | 0.238] 9
15 15 10 10 33 | MU |0.303 9
15 15 10 20 23 U ]0.868 9
9

15 15 10 43 33 U | 1.212

RIOEL (en) , M: &%, U:3EAH, MU: &%
LHERTOBBIE

RIOHFL (am], M: A, U:HAR, MU:
LIFRMOBBINE

op
4
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2. KEOEBEHORT 544k LT, P.HThomas
R. Baldwin ZOHREREZFALTH LI ERTOK
KIEPEEE gn=S/L 3% 5—EfB go (0.15~0.3) XD
HPIVEWIHELUHEREL, FRICLD, 0%
HREYTHDT L LD,

3. FV Y VOSRAELCEWT, FhICKEKERMR
BE AR, TOXKERI Fig.10 © unmerged
fire OFERT, FREKELOFOLHEFLRATHG CESE
o

=g 2L L:F
D: 1O KEDKRE X
Dy KKOKE X OHEYE
fi:=L/D
F: REOEE
&2t 2 DK KWK 3 B KoL O K K HI R
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Report of Fire Research Institute of Japan No.34 (1971)

Study of the Merger of Fires
(Abstract)

Kunihiro Yamashita and Minoru Inagaki

(Received March 24, 1971)

The purpose of this study is to investigate the phenomena of the merger of fires
and to help to estimate the damage by multiple fires when great earthquake occurs.

It was clarified by this study that the merger of fires was greatly infiuenced by the
kind of fuels. At multiple gasoline fires, strong interaction effects of fires were observed
and both flame height and burning rate increased rapidly at the merged fire especially
in the central part of fires. While, at multiple crib fires, weak interaction effects of
fires were observed and neither flame height nor burning rate increased so much.

It is, moreover, suggested that the merged fire will occur when dimensionless separa-
tion distance between fires (g,=S/L) is smaller than a given value (g,) and this criterion
means that merged fire will easily occur under the condition that separation distance
between fires is small and flame height is large.

In rare occasions, fire whirls were observed in the series of experiment of multiple
fire at the central or leeward part of multiple fires under weak wind.
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! 4
3
7
12 2

6
Fig.1 Sketch of experimental apparatus
1: flame of n-hexane 2: water spray 3:
supporting skeleton 4 : main duct 5 : radiome-
ter 6 : monitoring radiometer
gauge 8:recorder 9:hose 10: hydropump
11 : water tank 12 : plate for check of wind

7 : pressure
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Photo. 1 Nozzle head used in this experiment.
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Fig.2 Relation between flow rate and water pres-

sure

o= K~ o A7 VA RBEHE & B0 RE
HY, Thd ke HTBEL LD Ticr 145
ED2RYOHERRS, BRROLEBE TR ok, &
BoWELY Fig.1 wrt,

14EX25

MEAN FLOW RATE ( cciminierd)

1 2 3 4
WATER PRESSURE ( kg/cm?)
Fig.3 Relation between flow rate per square cen-

timeter per minute. and water pressure
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Fig. 4 Relation between water spray angle and
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Fig.5 Distribution of flow rate in the flat spray
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Table.2 % B R © @ &

— 95 —

# 8| x| EDT s | KE G/ |mEm | @ | T | 15T

1 1/,EX6150 | E—TF 2 0.6 88 58 86 0,163
2 ” ” ” 2.5 95 24,9 79 0. 266
3 ” ” ” 4.4 110 44, 2 75 0,333
4 ” ” 5 1.6 93 39.6 8 | 0,163
5 » ” ” 3.3 100 82.8 64 0. 563
6 ” ” 10 0.6 88 28.8 75 0,333
7 ” y ” 3.0 99 150.0 62 0,613
8 1/,8080 ” 5 1.2 74 17.7 81 0. 235
9 ” ” " 2.4 82 28.2 78 0. 282
10 " ” ” 4.4 89 46,2 75 0,333
11 ” ” 2 1.0 73 6.4 86 0,163
12 ” » ” 3.3 84 14. 4 84 0. 190
13 ” ” ” 4.6 90 19.2 79 0. 266
14 » » 10 0.2 60 19,2 88 0. 136
15 ” ” ” 2.2 81 52.8 80 0. 250
16 ” ” ” 4.0 88 85.2 72 0. 389
17 1/,EX25 +—TF 2 0.7 80 10,4 93 0. 075
18 ” ” ” 1.2 14.0 84 0.190
19 7 ” ” 1.9 19.2 80 0. 250
20 ” ” ” 2, 6 24.0 75 0. 333
21 ” ” ” 3.3 29.2 74 0, 351
22 ” ” ” 4.6 38.0 67 0,493
23 ” ” 5 0.2 17.0 91 0. 099
24 ” ” ” 1.2 35,0 80 0. 250
25 ” ” ” 1.7 44,0 73 0. 370
26 ” » ” 2.6 60.0 67 0,493
27 ” ” ” 3.2 71.0 62 0.613
28 ” » ” 3.8 81.0 60 0.677
30 ” ” ” 4.4 92.0 54 0.852
31 ” T 10 1.7 88.2 50 1.0
32 » ” ” 3.0 134.0 38 1.632
33 ” ” ” 4,1 172.0 31 2,226
34 ” T-i 5 1.0 64.0 64 0.563
35 1/,EX25 Tk 5 2.7 80 ] 1241 45 1,222
36 ” ” ” 3.5 152, 3 38 1.632
37 ” ” ” 4.6 190.0 30 2,333
38 ” ” 10 0.8 112.0 50 1.0
39 ” » ” 2.0 200.0 30 2,333
40 ” ” ” 3.3 288.0 27 2,704
41 ” ” ” 4.2 352, 0 14 6, 143
42 SPLINKER | R—TF ” 0.2 86

43 ” ” ” 0.3 67

44 ” ” ” 0.9 55

45 ” ” 7 1.4 54
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(25=~-v X D)

®F %], x o | EDT| A0 | KE Geled) | BEH| Q| T | 15D

46 | SPLINKER | —TF ” 2.5 43

47 ” ” ” 3.6 35

48 " ” ” 3.7 40

49 ” " " 0.4 74

50 " ” ” 1.4 56

51 ” ”n " 0.8 58

52 787,738 | T 1 0.6 64

53 " ” ” 6.0 80

54 ” ” ” 1010 70

55 1/,58080 " 5 4.4 63 56 0.786
56 ” ” 10 4.2 110 50 1.0
57 ” ” 1 4.6 90 19.2 86 0.163
58 ” ” 2 4.6 90 48. 4 81 0,235
59 ” " 3 4.4 89 55,4 79 0. 266
60 7 " 4 4.4 89 70.0 70 0, 429
61 " ” 6 4.1 88 | 104.0 63 0, 587
62 ” " 8 4.1 88 | 139.0 50 1.0
63 ”" ” 10 3.8 86 | 162.0 40 1.5
64 1/,EX25 ” 5 4.1 80 43 1,326
65 ” ” 10 3.8 80 25 3.0
66 | SPLINKER | L—TF 1 4.1 35 1.857
67 1,EX6150 | FT—1 3.8 156 60 0, 667
68 " " 2.4 200 55 0.818
69 1L,EX 6150 | F—TF 6 3.1 104 | 111.6 71 0. 408
70 ” " 7" 4.0 96 81.0 86 0. 103
71 " ” 7 3.7 102 | 122.6 66 0.515
72 ” ” ” 2.7 94 69.7 79 0. 266
73 " ” 8 3.5 100 | 132.0 60 0. 667
74 ” ” " 2.0 102 51,3 80 0. 250
75 ” " 9 3.3 100 | 144.0 68 0. 471
76 ” ” ” 1.3 92 57.7 72 0. 389
77 ” iz 10 3.2 99 | 156.0 65 0. 538
78 ” ” " 1.2 92 60,0 71 0. 408
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Report of Fire Research Institute of Japan No. 34 (1971)

Attenuation of radiation through water spray

(Abstract)

Kin’iti Nakata and Kunihiro Yamashita

(Reieived Marih 24, 1971)

We have investigated the possibility of checking the heat and smoke from spreading
along corridors by making use of air curtain and water curtain. The partial result of
this study were reported previously. The problem of estimating the degree of attenua-
tion of radiation through water spray has been investigated by some investigators but
the character of water spray has not been identified and their results are not directly
applied to our purpose.

We took up this problem to clarify the mechanism of attenuation of radiation and
also to estimate the quantity of water enough to diminish the radiation transmission

through water curtain up to safe level.

At first, character of water spray were investigated experimentally and, next, radia-
tion transmission through water curtain were measured under various spray conditionss
A flame of n-hexane was used as radiation source. Water spray were ejected from some
spray nozzles, a splinkler head and a line water curtain head.

The transmission data were figured in terms of reduced virtual film thickness of

water (h=Qd/v) and virtual absorption coefficient of water film was estimated to be

about 30 1/cm in this experiment.
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Report of Fire Research Institute of Japan No. 34 (1971)

Effect of Scattered Light to Measurement of Smoke Density

(Abstract)
Tadahisa Jin
(Received April 26, 1971)

Present paper deals with the effect of scatterered light to measurement of smoke
density in case of using smoke meter without lens. As shown in Fig. 2 a hood is at-
tached with photo-electric element, Cds photo-conductive cell, instead of lens. White smoke
is generated by a smoke bomb.

From the experimental results it appears that the smoke meter with the hood of
diameter 2.7cm and length 10cm could be used within 1.5/m of extinction coefficient,
and the meter with hood of diameter 1.3 cm was better than the former and could be
used within 2. 0~2.5/m (See Fig. 3a-c).

The obtained values can be corrected theoretically from Eq. (3) as shown in Fig. 7.
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TR ENFN 135, 180mm T, JFIKCI1E 3volss KEH
€190mmTH -4, EFEEA, B, CopH 1% 20°C
THFRERT. 00, 7.80, 7.05TH ~i, ¥, FEKA,
BREFBTRY TLMHEFHEASECEWTAfEEINL
30, BRCRBEDAMEWA—H~ L ORAEFES
NiedOTh 5,

2. 2 REBRIURE

MR L ARFEOELRELEESY Fig. 1 wrid, &
33500ml @420 w5 TATFAREAL, BR
HHRP» S OlEOHEREYIET kD, IRV A%
FRLET 4~ 2 — %R0z, AP —EEECRS
BT, —ERECEREKLALLER 6mm 0Ly
= AR VRICUTEBRHNCRE L, BEEBERE
BEUECREE Ny 7 < vHE O = « ARBRI T
EAL, vy —2REPLLH3mbEDL I HRT
7. PH PR 3 HE BN T35 HM-5 A # F GC-135
#oARE, TR EEERTERY EPR-2 T #I5i4
B, RO ERE EEREOER H210 8, SRR
2 — = BB E RS RER L, BERI
THREOBESEERER Lk,
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f foam compound)

B npHiE

{pH value o

i AV OV B NS e )}

L ! L
02 04 08 08

FEROHEEE
(Fe wt% in foam compound)

1

10 WT%

Fig.2 & (1) 4FE%® pH (20°C) ks ligdm
FO¥E (Influence of oxygen gas on the pH
value at 20°C of Fe(IT)-containing foam com-
pound)

A BERTAEMZ A & & ORBE SR
X BE#%ED pH %1k (A indicates change in
pH value of foam compound containing 1. 076
% (w/w) nitrogen brought about by addition
of FeSO, - 7TH,0O, when oxygen gas was not
passed through the foam compound)

@ ; R hORTHREEIMIMCET 52 T
B AR BEOH% (M) GFEKD pH &1k
(@ indicates change in pH value of foam
compound containing 1. 076% (w/w) nitrogen,
when oxygen gas was passed through the
foam compounds containing varying amounts
of FeSO,«7H,O untill the foam compunds
were saturated with oxygen)

2.3 EBHFEEER
2.3.1 BRCIIFHRELRELOBEO pH B X

Uit E 0Bl
KEMZ T 20vol% W LB A* o, SEFHEMN
0.15, 0.25, 0.40, 0.60, 0.80, 1.00wt% Wik %k 31c
TRERSE— k& Nz, #950°C CiERE L/cnindh 4, 4
R UBIE Lo L OE, FE2EBE LT
At+s, LEOPH 13 Fig.2 KR T80 THL, &
ERHEOR L ZRE Y Th X h 500ml -SoFig, iR
ERFTTAT7TAEY, BREHEOZRT<TO
BN MA BT 2,08, AXx— 5 —TRBE P E LY
Mo, HAHRO. 3kg/em® TEEK A XV AR, RBCEHHE
BeEeh, pH e E@ict e bl X v, ABOBE
BREE, tH ORSELEET S, AB~O®mED

M 20°C KRBT LBHFBRBERISLTH -1,

*2 HEANOBRT ADRAMBEN D, RelhonE
MFEBRERR LD TEF LR UD S E TIREL
HbbT,

[o0]
O
T

min

D
o8&
T T

N
?

B 3R 0% U B g
(Adsorping time of oxygen)

I ! i ! !
02 04 06 08 I10WT%
FROSEHRE
(Fe wt% in foam compound)

Fig.3 BE@OBFRINFEEN &8 (1) ORNEOBG
[Relationship between amount of added fer-
rous salt and adsorping time of oxygen gas
which was absorbed in soluble iron connected
hydrolyzed proteins, when the nitrogen con-
tent of foam compound was 1.076% (w/w))

EARRB OBRHEGR RN ET 286807, ¥
7, WFHEE®R 20°C ORI -7, 8, BHEBE
1, BO0UDEDADBRSAREIC 2 — 2 — 54
100%% &8 %, WE Uiz, Fig 2 sirh o
RIS EIICE LABORRO pH 2% (I) o
B0k, Fig 3 KRB OmRRIREEE™ X (1)
OEMBEOBEFRAY T T, DE R RIS S &
L3kt 100ml % 100 ml HERAWRSCE D, 2000
rpm, 1045 HE O RER TR0, WikE R ko, Fig. 4
KRB L (I) OHEMEBEOMGRERT,

@]
X
T

cC

R &
(Amount of precipitate)
(@]

s
T

-~ -~

Ol

1 1

1 i
02 04 06 08
FROHRERE
(Fe wt% in foam compound)
Fig. 4 BRI AGINC XD & Uk BROMBE & &
(II) o¥IBE DS [Amount of ‘precipitation
brought about by passing oxygen gas suf-
ficiently into the foam compounds containing
varying amounts of FeSQ,-7H,0, when the
nitrogen content of foam compound was
1.0769%(w/w)]

10 WT %
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cm
\\.\‘ﬁ‘s 15°C
*
20°C
151
v
HE 2
S5 200
..\\‘; 30°C
10
I \A
N,
40°C
5 1 1 1 1 1

1
10 20 30 40 50 60 %

s BR% AR GRRERPOBERELE
(Dissolved oxygen concentration of 6vol% premixed solution of foam compounds)

Fig.5 7mARBOEENCE NETEFRROE
(Influence of dissolved oxygen concentration
on the foam height of 6 vol%, premixed solu-
tion of foam compound at various tempera-
tures)
Remarks: 1. The 6 vol% premixed solution’s

nitrogen content was 0.322%

(w/w)

2. The foam height was determin-
ed by Ross and Miles method

(@ indicates iron-containing foam ‘containing

0.009 wt% of Fe (II), A indicates non-fer-

rous foam]
3. £
3.1 [ASElAE<CE—$ (D] L&PIEL
BERDOHE

Fig.3 wiRT &8Y, & (0I) OHEMERZELT5IC
DR, AR BRI L SBARRIFERTIIEART 5, R
PORERELTELLRBZ &3, M@ TBELIR
Lific, £RUEHBOARR KRS i d<E
—gk (I, ] {L&HTHD, Tk & (0) OBM
B BN, MKGEZAZ S BORBERE O TEHRM
# () REBOHKA+ Ve LTREEST, FUn
KB AR BEHEGLTVEHDEHELIND, T
DT E, RAELSERC X 5BERNEN & (1) ©

g (I oFfErRgE (IN) OHORBRETELF
YL X ST L,

2.3.2 RZAEL R OBRERRNAEOERNCEZ
LR

Sha FHWEWA L 0.15wt% OEY S DERAY
KTHTHT 6vol% OKEFX LY, ThEFes
T3, W 00ml 2575 Aared, 2.3.1
OFELARC LT, BELXDAL, i, RBHRE
¥4 15, 30, 40°C BT L, oA OBFHERE
FENL5, 30, 45~50% /B & ABEN ARMEY
WL, kXEbre JISK3362ED 5 HkCRENZ HE
Lic, 7ok, BRDEETOEEERLLL ST, ABO
BEBREENELT 2080 ey, BRI ERE
REBBEECEbhER, Fig. b KRBT 2247

CWOBEBRZEE L NOB I OMRERT,

2.3.3 FEERTEARCER, BR ILRERLH
ABBELREC X BFEKEO pH B XU
BEo%L

R BICEREHEN. 2%, 0.5%Cind Lok, Fi

F®CIti3l. 0%ic s 5 X Hic sk (1) &#hnx, 60°C
T5~6 BT 5, AR U HBRECTECLD
BX, EBERASEHARREE TS, LEO PH B
SAFERMN0.2, 0.5, L.0%OEEENFNT.36, 6.90,
6.17CTH o7z, HEBFRORLHHEFI0ml 2L
300ml P3 AT Az LD, AFEMLER BER
FRRERCTERL, BE TS, oFE&AREERK
Ry T60°C, 24BsfInza L, V&S —10°C, 24
BfleHT 5, CONE, BHOBFRIVFSI s EL
Zhrk7H (BEMAM) <DELALHE 3AVS A=
#PEEL, 2.3. 1 CHEBLAFELCLYD, HBERE
CpH BWE Lk, T OF5ER: Tablel rd &kl
Th 5,

£

WEHBRHEH L THRLTIIC&E2EL DY 2
L, BRI N ABRIZKEED kG E—
& (I, M (LA EHALDPOBELXTIE->TW2
L OEELL BBV, TObOR—MANELOW
Bekb, BEUEERUEEFOREELORBCL3bD
EEZILNS,

3.2 BECLIERDE{LEEOFED pH 25
PCEBRBOEL
Fig.2, 4 wmd & By, ¢ (I) OBRMESL LD
o, pH BB § 345, FRCILERES #ind %,
#R(0) 230.6wtplh bicis s &, pH 2D CikBED
BRFLIHRT 2, & (0) OHMESSZZECD
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NBESHEML T EEL LTEZLRDT LI,
KGO [RGBl A B—k (0, ID—8HR]
rHeEINBLEY™ OERRSE KD & &, XD
B, A ElEko pH AE (pH 5.0LAT)
el ek, UnkSfE A BE—8) Law
B i DRGSR AE L BOER® BAEL T0d
BOLEZDND,

3.3 AECEOERACGESBIBTERREOR
%l!

Fig. 5 it &80, LARBEOREING A

QM OBEEREREOWM, kit WOREDLR

4,

T AL BOERBRC L > TRESHBZERE L
Tid, KGR AEE L OB ILIER
BEFDNT, 5 RICKEERD [IRGFZ AL
B¢ (I, IN—HE) LHEEIN3HEROLEE Y 58
HEUTCWHIEwERBTLI LI > TEHMTES,
o, FAAER IS ENAEERFONMN, I RED

¥ BAEOLIA, TOLEHOTTFHERRFETHD
P, SHBOWMEREL LUBHLTHTE Y,
¥ rhEREBEBDSEND,

b, BT T5, ETOHGRELILHORD
B HERVEISDBN, ZDKREW,

3.4 1AECBOZILELCELETEROY
Table. 1 \ I iE, & (1) OHEMENELIERY
B LEARNK, R, BHR EFRRERYHBALT
2. 3. 30 I RELMREAR LTI & T
5, BROBE, WBROERIZE (0) ORMELSEN
LTHRBEAEEL TR, ¥, pH 3747 Vi
CBTTAEABRONL, O b, REOEL
Bikicid, ERHAREHLDTHENTH DT 223b»

o ite

e

BECLAREG AL, RARXBOBEIZET 3+
%o FIROEBRBERELNSERIC X B IHIEOE L 5%
ELTR, ¥, AL BEONEKERA ECSELE
D EOSELEMLAVC &, COBh, RRTHEER
AEREHALCRREBEE OFMEE I SHE
NEZLDLNS,
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Report of Fire Researck Institute of Japan No.34 (1971)

Studies on Factors Influencing the Deterioration
of Fire-Fighting Foam Compounds (IV)

The influences of oxygen and nitrogen on
the deterioration of foam compounds

(Abstracts)

Makoto Hoshino and Takaharu Fujieda

(Received May 31, 1971)

Concerning the deterioration of hydrolyzed protein (Keratin)-base foam compounds
hydrolyzed with natrium hydroxide, it was necessary to investigate the influence of
oxygen, or nitrogen on the foam compounds to which ferrous salts such as FeSO,-7H,0
or FeCl,-4H,0O have been added.

The experimental procedure used for this investigation was as follows:

(A) the measurement of pH value, precipitation, foaming height determined by
Ross and Miles method and dissolved oxygen concentration of the foam com-
pounds were carried out, when oxygen gas was passed through the non-ferrous
foam compounds and the iron-containing foam compounds to which FeSO,-7H,0
was added in varying amounts.

The foam compounds used in the experiment was prepared by prof. Iino’s
Laboratory of faculty of Engineering Tokyo Agricultural and Technical College
(Koganeishi/Tokyo) in cooperation with author’s laboratory, and the disssolved
oxygen concentration was measured with a Beckman’s oxygen-analyzer.

(B) Each sample (100ml) of foam compounds containing varying amounts of
FeSO,-7H,0 was stored in a 300ml flask (glass) in which gaseous oxygen or
nitrogen or air was sealed.

The flasks were heated at 60°C for 24 hours, continously cooled at —10°C
for additional 24 hours. The process of heating and cooling was repeated con-
tinuously 7 times (for 14 days).

After 14 days of the process, pH value and amount of precipitate of each
sample in the flask were measured.

On the basis of the experimental results, it was proved that the deteriora-
tion of foam compounds containing ferrous salt was promoted by the existence
of oxygen, but on the other hand, was inhibited by the existence of nitrogen.
The cause of the deterioration could be explained by the formation of water-
insoluble complexed compounds such as (hydrolyzed protein-Fe (II, III)-O,] to
which the water-soluble iron connected hydrolyzed protein such as [hydrolyzed
protein-Fe (II, III)] have been changed by adsorption of oxygen from both the
air and the foam compounds.
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CRAMEROBGROERERIZ Fig.2 WrT&EDT
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Fig.1 Schematic diagram of a medium expansion
foam generator of Nohmi-type
1; fog nozzle (when p=5 Okg/em?, Q=195
1/min),
2; cylindrical pipe (250mmg¢ X ca. 700mm).
3; multihole-plate of metal (dia.of a hole;
3mm and each pitch; 4mm), and

4; hose coupling (38mmeg).

_

k— 1000 ——

Fig.3 Schematic diagram of a medium expansion

foam genefator of Tosho-type

1; fog nozzle (Tosho 21 type : when p=3kg/cm?,
Q=500 1/min;and spreading angle of fog
generated from the nozzle is variable),

2; three supporting rods which are made o
a metal,

3; a nylon net (1000¢),4; a metal-ring for
fixing the net, and 5 :hose coupling (63mmg)

2

L 05
o5 7 6 %
So 6 60 §
8 <
>l§ 5 40 £
§ gy Nohmi-Type 20 3
=8 b

3 | " I " 1 N 1 i |

2 3 4 5 6 7

Discharge pressure of the fog nozle,
P (kg/cm?2)

Fig. 2 Relationship between discharge pressure of
the fog nozzle (Nohmi-type) and foam num-
ber of generated foam, and between the
former and mean velocity of inflow-air
Used foaming liquid: 2vol% of a synthetic
foaming liquid “NCS-21 ”

300
h
£
5 200
£ Spreading angle of the fog
S 100 nazle( Tosho 21 Type ) : 39°
W N 1 : 1 i 1 1 1 i
] 2 4 5 6
kg/em2
Discharge pressure of the

fog nozzle, p
Fig.4 Relationship between discharge pressure of
the fog nozzle (Tosho 21 type) and foam
number of generated foam in case of a

spreading angle of the nozzle (39°)

‘Table.1 Numerical values of several factors relating to foam generated from a medium expansion foam

generator of Nohmi-type

Supply rate Zm Foan Mean velocity of inflow-air into the generator
Discharge .
of foaming numder, foaming solution used only water used
pressure, solution, =@Q/60S
p o Eu wy (cm/s) w (emfs)*
(kg/cm?)
(}/min) (cm/s) obs. obs. calcu. obs. calcu.
3 152 5.17 95 480 491 330 330
4 178 6. 05 100 595 605 410 400
5 195 6.63 100 680 663 470 440
6 216 7.34 98 748 719 510 480
obs.; observed value, calcu.; calculated value,

* .
s

calculated from the value of Ak=0.50 in Equ.{4).
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3. 0<p<6. Ocm/em? Tit, Em Z2FFE—ETLOFE WS
RffERY 5 5 +HARAY 5L 05, @, Zm, EuM
BIofwy OERME, wy BLUwDEEH%L Table 1
iR,

3.2 @HEEPREREEY
COFEBOBERS Fig. 3 iRd, T OB
—FEEO X » NEEAWTWEY, EE/ A4hb 0K
FSORBAEYTECEF L TRENOBELS F v ME
CHEETAERLYELD T LN TELOT, REHKR
Fy FOBAEESTEOSECIEY TS, B/ A
DPKEN & REEROBRIIERSERC I 5 L, Fig.
4 0rriks, Tihbb, BKEN p=3.0k/m? O
L ARMERENRORE G, VWE, TOBKENDEE
BE AAhb I mOEHrh S 5 » PEEOEFOR
BHEEY %> AR T2 0LEL, T e S
(m?) TEDbL, Tk, FOBMRBAKTEINDLL
OEEED (m) k§5, p=3.0k/m* D& &,

P=3kg/cm?2
=500/ min

er By
N
(=)
]

Foam nu

-~ N
D v DO
O O O O
T 1 T 1

Tosho-Type
40+

Dia.of fog "I RS NI I T

on the net p: 20 40 60 aocm 100

Spreading angle y g . .
of fog DI 2800 3840" 430

Fig.5 Relationship between foam number of foam
generated from the generator of Tosho-type
and diameter on the net of fog or its spread-
ing angle at a constant discharge pressure
( p=3kg/cm®)

Used foaming liquid: 2vol.9%; of a synthetic
foaming liguid “AT”

D (REREBORMEM :I0EE Eu 0l 9 2T .

Freok, ERiCk > THNDhKERY Fig. 5 § §7‘ . Wy 2 caladated value

iR, p=3kg/m? DL &, Q=5001/min, D, T OF Wr =70 Ph

SHIV Ev BEATHY, ¥k, S=S5 TH B 5

30T, @RIV Zuk, @R2Dws OERTH 4

HIBCLNTEB, D, S, Zw, Ew, wy % g > 3p  Tosho-Type

LU wOiAEAE Table.2 Wid, kkwolt § A p=3kg/em2, Q=5001/min

1z, AkR=0.451 LCT@)R1BEHE LA, Table. 1 ' : ) 2 ' 2 —
2 b wr &S OBfE Fig. 6 1ord, ! 2 3 5 Xm%m?7

Fig. 6 OZA2—2ORXTEHL L & T5

L, BIRUDALE S BDT, §S=2000cm® T
2ADERCHELTEZ D, Tithh, 4005
S <2000cm? & S =2000cm® ODOOHEITESL
HTEwTH,

Used area of the net for foaming, S

Fig.6 Relationship between mean velocity of inflow-air

and used area of the net in foaming at the discharge
pressure p=3kg/cm?

‘Table, 2 Numerical values of several factors relating to foam generated from a medium expansion foam
generator of Tosho-type in the following case :p=3.0kg/cm® or ©@=500 l/min.

Diameter | Used area Zym Foam Mean velocity of inflow-air into the generator
of fog on | of the net —Q/60S number, (calculated value)
the net, in foaming, Eum
D S . sbserved foaming solution used only water used
(cm) (cm?) {cm/s) (value ) wy (cm/s) w{cm/s)*
90 6360 1.31 | 155 203 131
70 3847 2.17 250 543 350
50 1983 4. 20 175 735 474
40 1256 6.63 105 696 449
30 707 11,78 60 707 456
20 490 17.00 40 680 439

*:

calculated from the value of Ak=0. 45 in Equ.(4)
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3.2.1. 490=<S=<2000m?> ®r &
wy=const.=4&, (3. 4)
Zu=Q[60S =k,/S (3. 5

(8. 4) BT (8. 5) AL, WMAFD A Kk

Uk BENERER2FEDT,

S EM=ws/Zy=kSlk,=kS (3. 6)
5%, 3. 6) Rbd bk ZERT, k=kik %FbT,
(3. 6) Kb, SHEITHIE Ev ¥t 3, Lk
MoT, ERSOFEHT, §=2000cm® O+ & Ex 258
Kicizs, DL &0 Ey=175 L7 5,

3.2,2. $=2000cm? ®& &
wr=a-bS 3. 7
EBL, 8.7 RT, e BIUOIRENTCHS, i
4

PR Y A TRIE X B, RITEBA~OH
AZSEE & ROEROMICE)ROBERRTT5C &
RELNTHD, LidiaT, HIEERNEODR C:
S TRDIEEROR, FIEOKALTEEL 554D 0
BE/ AVOREORBE TS LW T ENTR S,

GARHBL OV TR L EHEZRORTHEH, D, 4
BOVTHRICRETALESE %, KEEOEHA
BE P {33 E4RIIMERET L, ROEROHR
PIETLCLESDIR, ZhETORRBRINERTH S,

AR D Zn Wit 2 SERREEO Ty
Zy IR, BED Zg=0.07an/s Th ot b, &
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Relationship between Mean Velocity of Inflow-Air
into Medium Expansion Foam Generators and
Foam Number of Generated Foam

(Abstract)

Rokuro Nii
(Received May 31. 1971)

Supply rate of air volume required to generate air foam with a medium expansion foam
generator depends upon volume rate or mean velocity of inflow-air by which a fog stream
of foaming solution discharged from a fog nozzle is accompanied into the generator.

Foam numder of foam generated from the generator can be calculated from the follow-
ing equation(l) which was newly introduced by the author with some modifications of the-
oretical expansion ratio, which was defined previsouly” by the author for high expansion
foam.

wy 605, wy S

Ey= 0 _Q/GOS. S 1))
where E is foam number; w, mean velocity of inflow-air into a medium expansion foam

generator (cm/s); @ discharge rate from a fog nozzle (l/min); S, cross section of air inlet
of the generator (cm?);and S used area of a net or a multihole-plate in case of foaming.
Now, the following equation is introduced as follows:

Zy=Q[60S @
where Z, (cm/s) means mean thickness of foaming solution supplied onto unit area of
the net or the multihole-plate per unit time. Z, has practically a value of 20 to 300 times as
large as the optimum one for high expansion foam which is 0.07 cm/s, according to various
discharge rates and used areas of net or multihole-plate. Substituting Equ. (2) into Equ.(1),
Equ.(3) is obtained.

Eyu=w; S/ ZuS )

In the case, that only water is discharged from a fog nozzle in a medium expansion foam
generator and mean velocity of inflow-air into the generator is expressed with w (cm/s;,
Equ (4) is obtained from some experimental results and consideration as follows:

wy=(2—Ak)w 4)
where A and %k show an opening percentage of used net or multihole-plate and an effective
coefficient of opening percentage respectively. The values of A and % are usually 0.45+0.05
and 0.95 respectively. Substituting Equ.(4) into Equ.(3), Equ.(5) is obtained as follows:

Ey=2—Ak) wSy/ZuS (5

As a result of investigating the experimental data about the two Nohmi-and Tosho-type
of practical medium expansion foam generators, the validity of the equations as mentioned
above was confirmed. But it is concluded, that with regard to velocity of inflow-air into a
medium expansion foam generator, further systematic investigations should be performed in

correlation with constructions and sizes of fog nozzles used in the generator.
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