REPORT OF FIRE RESEARCH INSTITUTE OF JAPAN
Serial No.43 March 1977

WA FEPT

B % 43 5 1977463 B
H R
B %
A7 20 KRB OTE 1) B TEAT & BRI Lo Wi i (1)

KX AR R ET KRR GE LE)
Akt 7 7oK B X OWITEHE K TRAET 5 KAEADRE—

........................... %r‘r}i -ﬁ(7)
ENTE TR X ONTHR AR ACEFIZH 22 L 72D U H AT e il N (13)

yoB eF e P
PO A



REPORT OF FIRE RESEARCH INSTITUTE OF JAPAN

Serial No.43  March 1977

— Contents —

MEMOIR

Phase Change of Liquefied Gas Type Extinguishing Agents

Due to Pressure Drop
............................. Shuzo Yamashika

The Steam Generated by Five and Extinguishing
_ . The Steam from The Combustion of Crib and from

Extinguishing with Water Spray —

............................. Satoshi Takahashi .....

An Experimextal Study on the Concentration
Distribution of the Radial Wall Jet on Horizontal Plane
reveeeeeanee. Kimio Sato

Published by
Fire Research Institute of Japan,
14-1, Nakahara 3-chome, Mitaka, Tokyo, Japan.

(7)




Errata
(iF =

&)

Report of Fire Research Institute of Japan, Serial No.43 (March 1977)

(P BE R 52 P i

HEA3E, 1977E 3 H)

Page Line Wrong Correct
Overleaf of 8 Five Fire
front cover
n 12 Experimextal Experimental
14 Top of Table 1 |y, ug
" " (P,—P,)/P, (o,—0,)/p,
16 Eq. (7) 2 kyx{zx+zx,) v 2k, x(x+x,)
" 3 above Fig. 5 | X, =H/2 x =H/2

d d [(e)\T
19 Bott = ———— eXpy T = L7 expq{ -
ottom 25 ¥ 74 %P =25 % /4 (pc,) exp{




MR ERT RS $43%

197743 B

RILA R HKBMERRROENERIZ & 3 KETL

L BEA% i
(HBRISIEII A 200 S88)
1. FAHE
HARWEKE E H OB M M, WARERWERT  Ed. ZOHBEINLOMBLTZROWHKEIE, BFE

DEHHE L CHRADENER L 128, TENEL
FERLAA TR LS, ZOEKR 7HEHT
DI KM E RIS EL D, FEHIX XITHABITIE
TWHDTZEENRETEHAIZDWT, ZOLE
DB DO THRULHY 22 TIRIBAREERED
HADE—DEHIED>CTHLDIE T 2,

TEERE, o 1301, BLUove 12113 E
HERIZBVWTRETH S, LT INLDT A%
HABEL THERBT 2:HI2FRT ALy 2 &
LTBEFRICVNTE, L oritBvais,
FNEWET2HDLEE L TEFDOLDODERET
BTRT2HELIL0T, BREAVRAICINVMEER
2, LAeLER 20 oL iy B AT
20T, BIZENERTTBIZL2a0wiBE L THT

HHRTICBCTIEREELLE2ST CRBEEMHENE
EArEILLEEVEIT S, HBCETINR
Hize b wNERLLZEL, BRRSICL-TLRE
NEEEZHTENPRTT 0T, SHEBHENE
ERREIEILT B,

ZOFMDOIRIE, TTII—HHARIZL - TiThiL
Tvd, T bbb EBILRENENKEIZOVTL,
Hesson?' &M 53 #5,/ XU iHIZ D TliHesson?!
BF 721 1301 ENFENC DV Tid Williamson®
PiT->Tw b, LELEBEFHDLEIZDVWTHRLEL
Loz v, 2Tk, BESRBIBEELEDT, %
DEH, BENEILEZERICL VHRETLE LI,
W EEC-ERITEBEEEEL TRTE2ZEET
%,

2. RBFE&

EBRIITHBERECISESETMEL 72 o > 1301z
WTUT» 72, BEBBENIm* DL EHy, Tl
B34Sk TR, v 0 > 13011350ke FEM L Z pLic g%
HRAEEANLT20CIZ B T4.2IMPalc IIEL 72,

BERBIUVCHEZ L 2O EHE 2308 L
KEEFSTEYE, ERPL7VEXLTLF2—T%
2 THIB0mNIIS G 3454 STPG D A& 22— 80D
HE, KSWBAERELZ, FORBICIE, WESYS
ZEEFW)MHITCABEBEMTE S LS L2, KB
IRREREAOKY (/X)) 2B Fir 4k, BE
DEEFIL, Fig L IcRTHEY TH 5,

Pipe Glass Tube
82 93 84
P
; X RSP S
ﬁ | ar _I_zsa f104
by Tl i

Cylinder

Fig. 1 Schematic view of experimental apparatus.

71_



EBF#HROFA TA BRI LY 20enDLE, B
mema&ub;0/1w0ﬁ4&%k i I 4
v UAEMEFEMNIFCRESR, BEEHRNOEOES,
BEEOCAOEHEOB LU, ANDE4 »FRIZEHEIE
BERIMIFTCUERZ2ETNRFRAEL 72, BIEMED

BREFBIOEGIRIZL, 2, 3, 4232, 223
EDEFMESICRINCERT2ZF AL TEE %2 U
272,

W ENNEL S % £ & HTHBFH TSN AT

L, UToMiE2T- 7,

3. BRCEER

Fig. 2 Photographs of bubbly liquid in the pipe.
A: Empty glass pipe. B: Carbon dioxide.

C: Halon 1301.

BCE DORIFICE ) (T 2iES 7 228 L TBH
Lt%%, REUIILE L 2R TH 272, ZOHT %
Fig. 21§, T3 Eh wRiBEZALHEKTH
LLEEETED,

LR L Fig. 3 L Fig. 4 L 12RT. BEERA
DTS NINT A B B T, 1T —EDBERHD
HETHLOTHEBLELIII-ETH-T, EED
Zibh 5 RCHEBEDEILIZI0OBUNTH 5, EEDH
LB ENERESCELR T W

FHEENENDLENIE, TP TR Z(F
ﬁwﬁ&waéoL#L/Xw T ENELFEIZ

ERET, RPOBEENENER L KENELTH
&%ﬁmtuofh‘éhﬁf‘lﬁéc

FUEAIZ BT BHUEOEMZ, ULisENLESR
RRBEDOBEALIIHNTEL L v, ZOBTII—HS %
THOLBEILRFE, “HFRTHE/ 0 1301E T
B EREDIDTHIFTTHET S,

TR FIIBEEFRT TR, F0oEEICE)ES
PEAEERTL, BELARIEZ 20T, FTHEMAI
WL FEHoORMERHE PN THEET S, L
LW XICHERT S 2ol TTEa T &,
:mﬁﬁﬁ%mﬁn,MQLtﬁmmﬁﬁuﬁéiﬁ

DEIEMET 250, D L RE~DELT
&b%?%bt 5, LI LTCIDBEBRRALET S
DTIHRENTHY > TERREN T2 5, ZOEF*
FAHELTHRL 22D Fig. 5 DEZTHY, HEAIL
Fig. 3B, COMLYTIBAOLONEEER2RL
T b,



0p———— T i e
o
DDB..'Q o
o 4 .
o 'o... [ PV
o
2l oe 2~
a v ©
DD o7 5 %
o DDD ° SN
Sl 709
I ' PV PNV toes
a
A
A A
-60l— y y ‘ g ~°
o 10 2/0 30 40
t/s
8 T 7 !
®1
° o2
.. a3
04
67‘0003... 1
fo) L
00038.80
°Co88e
& A a 088
s, Aap 8
< oo 4a
A A
[N = UDBDD Saah
DDDDDDDQ o
a)
a
2
0¢£ i L L
o 10 12/0 30 40
5
307 T T !
o1
02
.... a3
. a
20F0 04 'o. ¢
o °
%o, ®e,
OO L J
°
Lol a °0,2
Lol 2, Op %, g
o
™ a °o®
A p ° .
o o)
a4, 3
a o
o Sa
OG o4 4a 8
= 4
DDDD a
a
_1oC s N =P
0 10 20 30 40
t/s

Fig. 3 Variation of various quantities with time.

A: Weight, flow rate and pressure difference.
B: Pressure C: Temperature.
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Fig. 4 Variation of various quantities with time.

A: Weight, flow rate and pressure difference.
B: Pressure C: Temperature.
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Report of Fire Research Institute of Japan Nod3 (1977)

Phase Change of Liquefied Gas Type Extinguishing
Agents Due to Pressure Drop

(Abstract)

By Shuzo Yamashika
(Received November 20, 1976)

Since the liquefied gas type extinguishing agents, such as carbon dioxide and halon 1301,
are gases in -normal condition, they are stored in a cylinder after being compressed and
liquefied. Therefore, these extinguishing agents vaporize and bubble, when the pressure is
reduced on its application. Then, they become a mixture of liquid and gas in the cylinder,
and the mixture flows in a pipe of extinguishing system. In this study, the phase change of
liquefied gas extinguishing agents due to pressure drop when they are using is clarified both in
experiments and calculations.
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Fig. 2 Water vapour, oxygen concentration and
weight loss of crib as a function of burning time.
O 5-5(12.7)1327g & 1-5(12.7)1772g
® 5-5(12.2)1410g v 7-5(12.2) 1859¢

A 7-5(15.8) 1869g

The geometry of cribs are expressed by n-N,
where n is the number of layers, N is the number
of sticks per layer. All crib element is 2.5 cm in
thickness and 22.5 cm long.

The number in parenthesis is initial crib water
content in %. The wood used is all Japanese
cedar.

Oxygen concentration and weight loss were meas-
ured only when the geometry was 5-5 (12.7).
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Fig. 3 Water vapour concentration, weight and
temperature history by extinguishing in model
concrete house.

The fuel used were two units of cribs, each
geometry was 5-9 and 45 cm square, which were
set side by side on weighing frame in the house.

Water was applied with even flat spray nozzle
when 60% of weight reduced, about 7 minutes
after ignition and when the combustion rate of
crib was 990 g/min.

The area surrounded by mountaineous dotted
line in I show water vapour distribution under a
few times of blank tests.

The non-symbolized line in II and III show
weight and temperature history when no water
was applied.

In I1I, the gas temperature of emerging flame and
that of 10 cm below ceiling coincided closely
after applied water, so in this figure, the tempera-
ture after this point represent the both of them.
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The Steam Generated by Fire and Extinguishing
—I.The Steam from The Combustion of Crib
and from Extinguishing with Water Spray—

(Abstract)

By Satoshi Takahashi
{Received November 24, 1976)

Little attentions has been paid on the water vapour generated by fire and extinguishing
which may cause hypoxia, heat burn and heat stress of residents as well as fire men, although
much attentions has been paid on toxic gases.

The author aims to clarify the concentration and amount of water which will be liberated
by combustion of wood and also evaporated by extinguishing.

As the first step, in this paper, the water concentration in the combustion gas was
measured by using small wood cribs as a model.

It is obvious that the water liberated depends on initial moisture content, besides it has
becomes clear that the water liberated is not consistent through combustion process, but
generally shows mountaineous distribution in which the maximum concentration appeares at
the latter middle part of flammable combustion zone.

The other tests, conducted was applying even flat water spray on burning crib in a model
concrete house, showed remarkable increase of the concentration, and it was found there was
an application rate at which the maximum concentration appears.

The gas temperature at the opening and that of 10 cm below ceiling coincided very closely
after applying water, although there was distinguishing difference between them when no water
applied.

Because these extinguishing tests are rather qualitative, the numerical relations should be
obtained by another small model tests, the author will follow these tests.

The physiological effect based on these data should be asked on another investigation.
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Table 1 Experimental conditions

No. d H Vo

1 0.2 20 450
2 0.2 40 450
3 02 40 180
4 03 20 200
5 03 20 80
6 03 40 200
7 03 40 80
8§ 10 2 32
9 1.0 20 18
10 10 40 32
11 1.0 40 18
12 02 20 450
13 02 20 450
14 02 20 450
3.
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An Experimental Study on the Concentration
Distribution of the Radial Wall Jet on Horizontal
Plane

(Abstract)

By Kimio Sato
(Received November 29, 1976)

An experimental study using a hydrodynamic analogue model was conducted to investigate
the concentration distribution of the gaseous wall jet on the horizontal plane that would be
produced by a downward vertical jet of inflammable gases or vapours impinging on the ground
surface.

The inflammable gases (or vapours) were simulated by alkaline solution, containing
principally 1 normal of sodium hydroxide and coloured by 20ppm of phenolphthalein. This
solution was discharged downward through a glass-nozzle immersed in a pool of dilute
hydrochloric acid, the concentration of which was varied within the range less than the fraction
of normal and added also with 20ppm of phenolphthalein. Quantitative determination of
concentration profiles for the discharged alkaline solution was made by tracing the envelopes of
the red-coloured clouds for various concentrations of the ambient acid solution.

The analysis of the experimental results shows that, with the steady state of a turbulent
radial wall jet on the horizontal plane, the concentration profiles in any vertical section
including the jet axis (y-axis) may be approximated by those of a linearly diluting virtual flow
from an image source retreated horizontally from the jet axis by half the nozzle height 4, and
thus the time average concentration C(x,y) at an arbitrary point may be expressed in terms of
the initial concentration C,, the nozzle diameter d, a constant k, dependent on Reynolds’

number, and H, by:
Cxy) _ d s{ ki \°®
G 2.5 fo/4 exp s —1.1x10 (x+H/2
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