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Fig. 1  Schematic diagram of experimental apparatus
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Fig. 4  Observed burning velocity (Su) of the mixtures containing additives as a function of initial pressure (P).
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Inhibition Effect of Chlorinated Methanes
on Combustion of Propane/Oxygen Mixture
at Low Pressure

(Abstract)

Naoshi Saito
(Received November 17, 1988)

The inhibition effect of methanemonochloride, chloroform and carbontetrachloride on the
combustion of low pressure propane/oxygen stoichiometric mixture was investigated from the
viewpoint of burning velocity at room temperature and 100°C.

A CH emission technique was employed to measure the burning velocity of mixtures.

Consequently, all inhibitors used here suppressed chemically the combustion of propane/
oxygen mixture, and initial temperature did not affect the ratio of burning velocity of inhibited
mixtures to one of uninhibited mixture. This means that the inhibition effect of the chloro-
methanes decreases at high initial temperature of mixture, since mass burning rate increases
with temperature.
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by the present system (TPS) with that by Japan
Meteorological Agency (JMA).

(top) using the Ohmorti’s constant in Part 1.
(bottom) using the revised one.
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Fig. 6 (a) Under ground structure of Tokyo
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surface.
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Fig. 8 Examples of seismograms around the P wave
arrival, recorded at Mitaka.
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A System for Rapid Evaluation of Tsunami Potential of
Earthquake at a Single Station
Part 2 Effects of Local Conditions on System Performance

(Abstract)

Shinsaku Zama and Hiroshi Yoshihara

(Received November 29, 1988)

We have investigated the effects of local conditions on the results obtained by the existing
system through the test runs at Ito in Shizuoka prefecture, Kamogawa in Chiba prefecture, and
Mitaka in Tokyo. The local conditions have a litttle influence on the evaluation of S-P time,
hypocentral distance, focal depth, and seismic magnitude, while they strongly affect the estima-
tion of epicentral azimuth. From the analyses of the observed seismic waveforms, this influence
can be taken off by optimizing the data range to be analyzed. In addition, the system is revised
so that we can judge the accuracy of the output. Thus we conclude that this system is useful for

reducing tsunami damage.



HEF AT iE 675

REMEHECSIZ X0y TBB((D2)

BERMETE - /IR

(HHFI634E11 H29 H 24 )

HPHC L A5 RUMAMISEn 20 v o » ZE8 2 WL 22T 2 BT, 19844 6 ALK
10,000kl % > 7 DEFHOZEEBNE & > 7% — F COLAIRER B 24775 - TV B,
1987 TREL B ML, A TRRFECRE Th -2 Lo b s T, BNz oy
Py TELRLLT, ﬂMﬁm% Wi % AJ3 & § 2 3 RITHE RIS BBATIC & » T, B
BN DERFINTHPTE L5, SEBED 2D v > v 728 L T, W%
gy, \(gzmé%m NEH LT B 2R L7, 72, Ao v 70k liERK

19894 3 H

et 5= {oE i}

i, RORMTEOMES TP EE » Nl# L, KIS 7020

vy TERONE, EOVLEL EFiRRL .,

1. @L®IC

MBS L - T & s KB EIFEo 2 e » o >
TEH LML BT, NIEFIZH 5 10,000kIK 5 > 7
T, 19844 6 H & AT B SH LN, MR Ao Bl
FEEWL T 5, 1R TR, MESHLKZD Y2
YIDBWML AT Lk, 1984E R O E
WaNnizzaa .y sy VBT BRSOV Tk~
to%‘fizmyayﬁm@EWWMSX%—Fi

R & B —T 5 2 &, WETHAH0.07
AT%évt, SRITICE RN & BT E MR
B2 RCHI\TL I EENMENF L N, AT
ZDBEDBEN D 55 N BRIZ DTS il A,
KOTIBTEIZAITE FHEBERFPMECL L 20 &
PITIIODOVTRRFHLCERB 2 LTS,

2. HESH X0 v 5 OREER

MBI, > 7 Dby I mic B S 1

HELSRHA R BT bz‘rL’Cb‘é ESAY QeI
P IOBENL, v s LIBIEH (S1) RO
B (S2) DRIARATT 2 3B S A/ THI ST, e m s
B S N2 EIKERT (PL, P2) ik » Tl b Ty
5, AEITIZ ,:m;i;ﬁmyx%A $ o THL
NZE T RUBOBMEEHIET 2 ME I Dv i
%,

21 29y i ERE I -NBOEY

RAE TRBUMS N ENER LR Fio7 o -
FLZZ LD % Fig. laiziy, =2 CERIZWES 2 o
v THBMN SN HENERLTY, $7: Fig. 1b
WA, BERIEEE (4), mEHRE (M) 1oL T, P21C
LEWKBKEZRE 7oy FLbDEFEL
T ZHUZ L AUE, BEL THIEEIEIAYARE (, TiEs
W, HhORGHIETRE Ly IR
5 (Table1BM8), L&L, 1987 TR F HitiE
ITEE I THEWI LorhbbT, kozo .y
PTELILL T,

2.2 x@vy 977"%7(@0)%1,%5#!“]

Table 1212, 22 . v TEREILIE
I, ATy Ll FREKEOMIC, HWERDD S 2o
vy TR EbINDL £ TORBE B TH S,
INERS LiREOFHEERIL, KEDH°5 SHi%
Thd, -7, 20527 EXREL - HEEE
M, HIERHEDC L 5 S HIBET — 5 2 G T
BUYATLIZT BLENRHEZ EHah b,

2.3 WBH IO v LR

Fig.2l220 v oo e U mEoimmgy 2 i
RO & MURIET RSk 4R T, 22 TEW, NS
REVO R, AL ERL, S1, S2dmmsirs
BREORY ., T (19844F 9 A19H EL AR Eb,
M6.6, 4=230km, ® 3 13km) DEESI P iEIE H»



BT RATHRE BT

19894 3 A

(a)

1355 136"
389
132"
362 0
4
e /\,—-/—’k/
34 TR Iv% S‘z—

a¢” .OI 30’
130° , Wy 400 km
(b) 132 —_—
T T 1
L P2(gtkm?)
@ >0 R
™ e <w . 1
[ ] .
[ J o .
w e <10 . .o *
S .
; & * < 5 * . '.. L 7
3 o * < ! . 4
=z
T . 5
4 R Nl PN B
20 Q 100 200 500

EPICENTRAL DISTANCE (km)
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(b) Dependency of the maximum dynamic
pressure both on the seismic magnitude and
on the epicentral distance.
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Table 1 Events which caused sloshing of liquid in a 10000kl tank at Kawasaki

Date Region M DELTA H P2 TMP
84/06/30 NORTHERN KANTOH 5.0 70.8 61 0.6 368
84/08/07 SE OFF KYUSYU 7.1 784.3 33 5.5 256
84/09/14 WESTERN NAGANO 6.8 202.9 2 14.0 615
84/09/15 WESTERN NAGANO 6.2 210.0 6 2.6 461
84/09/19 SE OFF KANTOH 6.6 229.9 13 16.5 435
84/09/21 SE OFF KANTOH 5.7 227.0 22 1.6 570
85/03/29 NORTHERN AKITA 6.5 535.7 164 2.6 146
85/04/04 W OFF OGASAWARA 6.6 804.0 458 0.3 310
85/04/09 FAR OFF BOSO PEN 5.5 173.0 30 0.6 228
85/04/11 NEAR TORISHIMA 6.8 616.8 415 0.6 400
85/08/12 E OFF FUKUSHIMA 6.4 308.6 52 2.8 608
85/10/04 SOUTHERN IBARAKI 6.1 53.1 78 1.7 152
86/06/24 SE OFF BOSO PEN 6.5 115.5 73 8.2 180
86/11/21 NEAR 1ZU-OHSHIMA 5.1 99.5 10 1.5 295
86/11/29 OFF IBARAKI 5.8 157.3 42 0.7 210
86/12/30 NORTHERN NAGANO 5.9 206.2 1 14 275
87/01/09 CENT. IWATE 6.9 513.2 71 0.5 200
87/02/06 OFF FUKUSHIMA 6.4 251.7 18 2.0 230
87/02/06 OFF FUKUSHIMA 6.7 251.7 31 4.5 120
87/03/24 OFF NIIGATA 5.9 276.7 21 1.8 195
87/04/07 OFF FUKUSHIMA 6.6 2742 44 2.8 160
87/09/24 OFF IBARAKI 5.8 186.9 43 0.5 105
87/12/17 E OFF CHIBA 6.7 67.3 58 41.0 120

M: earthquake magnitude, DELTA: epicentral distance (km), H: focal depth (km), P2: maximum
dynamic pressure (gf/cm?), TMP: appearance time (sec) of P2.

1984703719 SE OFF BOSO PEN. ( M6.6, A230km, hi3km )
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Fig. 2 Example of typical seismic and sloshing wave forms. The circles indicate the waves having a
strong effect on the liquid sloshing behavior.
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Fig. 8 Velocity response spectra estimated from
sloshing data.

(a) Relation between the acceleration spectrum
and the response spectra estimated from
sloshing data obtained at Kawasaki for the
1987 Chibaken-Toho-Oki earthquake.

(b) Response spectra estimated from sloshing
data obtained at Ichikawa.

(c) Relation between the acceleration spectrum
and the response spectra estimated from
sloshing data obtained at Tomakomai for the
1983 Japan Sea earthquake.
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earthquake.

DNTE—IZFH L Tzt Bbs,

-, HEBIRE L EL S HEIC, WHELRY
EHOR L KREXDS Y JOIFHOEE (Fihi &
Thdh LITERIELNT, LiRkEILETELS)
PUET LI EILE ST, Zr 7Bz BIT5
ERNMESHE Z-<7 P LOBTROTEL I EVE
BHrhb, FHUL-T, M, 4 olE 0@ A EH
FEIF T ZEHFTE L,

F 2B TRESHREORICI, 3ETHE~NIIRE
ﬂﬁﬁt&wzky%ignéo%m%,Z%T@N
2% 0 nERAMHESGOBNA L STy UE, miE
DDELbRICL - TEBEEX 2 > 7R ENEED
WM YD R0y L THEEIHDHLPIZND
ZELEIFESNG,

6. BbYIz

19844F 6 A LI, NIEHN10,000kl K7 > 7 TRE
Widslc BB L RESHE Ry Ly TOBMEITL
5TV b, 1987412 O TEREH E CliBHEr
Kozwa Ly TRBUMLZ, RBRTIE, §FTOHE
RS HEMRE (RICBENFEE JFEEEANT
FVERICELT), RUZOMEIZ LAy r TS
DNWTDEIHERETL, BILSHENAT Yy > TT
— SN EOEEE IR /2,

W, B EFHREERT AILHY, REEHEHRNIE
KNFEEIC 2L s hzm) Lo, 72,
NETHER R, HRHEEBRICEAR v TEHD



IR RTRE %675

198943 A

ks T OBAEFTLCHMEE L, ZZiiwlL<
EEERLET,

BEXH

1) RIS, HE
61, 1(1986)

2) HHHE— ES A, 18, 184 (1980)

3) BOF#E—, EEBT, I IR T,

i, BHRE IR AT,

71,52(1979)
4 ) Muramatu, L. © Sci. Rep. Gifu Univ,, 3, 470(1966)
5) BHEY, FIRHMF  MEFLERTHE, 1,63

(1988)
6) FHIR W, RGBT R

&4, 14,31(1984)
7) EERMEE D IEBRR AT, 60, 1(1985)



THBEBT FE

F67%

JIS L 109135 X 1SO 69415 M EE#L
—H—-F L RAROEHE—

LHAE 36

(AEMI634-11 H29 F 3E)

1984412, ISO 691D K RIZIT MR BB BRI T 2 MR B O —> + LTHE
Sz, ZORBBEVBARCECTH —T > EOMB LIRS T 27> Ic AT 2 =
ENHRETH B0 E ) D201, JISTED ST 58545 Rz 54 2 HEst
%mHSL1wwﬂA—1&&UDEQ%%%%&ﬁmﬁa%&tmmﬁ%%%ﬁ&cto
ZDFER, 1SO 69410k HiniT MR EI- £ Y H—TFOBEE SRR L Fd 2 2 ki3,
V—BV.i%&fﬂi5u@@t&wﬁmuﬁquﬂ%T%é#,ﬁulx%wm;

19894 3 A

IR DM L T, PHL L B D 2 E AL 7,

1. EL&IC

AR, AW, T, HEBE, Lo i
TESECHCLN, BHEHB I EEL THEAL T
o IHLHE—BICHZ BV E - T 5700,
D ETZUEKRL, KRIZE B & ARRBROTREM §, L
3

Z DI OMMEB RO WMBENE % KB T 2 kT, Ghik
HRONBENICIE L CERFNEBEATIRBESI N
B BATERKIC BT JIS L 109120 th ¢
BB MR RO BB ORBR RS HEL T 5,

77, ISO(EMIZ# LM ) < 4 1SO/TC38/SC19
(ARG D I8 ) CHEH S 1T X 2 Ml 7 oo ik
BB, 1984 HIE RN, 2005 bo——-
SREIALE X N R O K BEITHE & R T 2 F

Table 1 Flame Retardant Agents

B (IS0 6941)Y 5% 2 ,

Z 2T, ISO 6941054 L@ B HEZM O H — 5 o
HOCERATE LI ka1 ol, KT
=T oHMEE L L 2#MERRICOWT, ISO 6941
EIC L) BBERR AT, BADJIS L 109108
BAMBEARI L 2 BB R & O BRat 21T 72,

2. REBFH*

2.1 &##

FHELTIIS L 0803 1o HE & T 2 i a8 2,
5&&%%%#5%@*#%v—3>,$%,770
Ny BYTRATLERY, R LEHICTHIRE LT
SHMTAN RE TENENDEM T & 12 5 HiERE
DY RETEED R B ftiadf 28 L 72, = h

i Available
Principal Component of . Treated
Flame Retardant Agents Appearance Com(%))nent pH Diluent Textile
Organic Halogenated Compound Srl;);g;l;;ersesn?nﬂ quid 30 - Methanol | Wool
Nitrogen Contained Organic

Colourless and
Phosphate Compound and PN 30 6 ~ 7| Wat R
SulfuI; Comp%urlx) d ndan Transparent Liquid ater ayon
Halogenated Compound Milk-white Liquid 23 6 ~ 7| Water Acrylic
Organic Phosphonitritic Compound %?;gg;zlﬁsei?nfiqui d 46 6 ~ 7| Water Polyester

. —31 —
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o, HIRENTVWLH—T %, FNFNOEMT
SlcgoaaE s L Tinz e, ThsoRei, ke
179 A1I2501 2°C siipdsh T2REHRLH S ¢, £
B2BELUET Ly~ THRS L CRERE 21T
o7z, EBRICHG4EL % Table 11, 3703 #
% Table 2 12777,

Table 2 Specimens

Sag\ople Textile Texture A%dd{{o &Sf g%%?;
1 Plain 31.8 134
2 Plain 21.3 124
3 Plain 14.2 117
4 Wool Plain 10.3 112
S Plain 6.78 109
6 Plain 0 102
7 Satin - 277
8 - - 214
9 Plain 29.3 97

10 Plain 21.1 91
11 Plain 13.2 85
12 Rayon Plain 9.95 83
13 Plain 6.30 80
14 Plain 0 75
15 - - 455
16 Twill - 366
17 Plain 24.8 118
18 Plain 20.2 114
19 Plain 14.6 109
20 Acrylic Plain 10.2 105
21 Plain 6.69 102
22 Plain 0 95
23 - - 268
24 Modacrylic - - 234
25 Modacrylic Twill - 282
26 Plain 38.0 97
27 Plain 26.9 89
28 Plain 11.3 78
29 Polyester Plain 7.72 76
30 Plain 5.03 74
31 Plain ] 70
32 - - 103
33 Plain - 54

Sample No. 7, 8, 15, 16, 23, 24, 25, 32 and 33 are
commercially available curtain cloths.

The other specimens are standard adjacent fabrics
for staining of colour fastness test (JIS L 0803),
which were treated with flame retardant agents
shown in table 1.

2.2 MBERERFEE

WoEMERE Y, 2R DWW TJIIS L 1091 D
A— 15452 7 us—FiE) %, BT AF IO
TIE D (BaEBRE) LEML Uiz, 72, B
RS ERERL, JIS K 20LIcHEEIN T35
RICELLEBRFETIT- 72,

ISO 694112 & B A RIRISEABR I LT OFIEIZ &

- TT» 72,

1) WHICRBEEA A —F—FAL, kERE
FENESHLHIZ 2 FRUEBRLETS, 20
%, MERoOT7o—ar b o—L T ERAEL A
KEX40: 2mmizT 5,

i) KEREESL REERYEL, 2RO IZE
b THLh UHE 2T 2K e 28470 AR
L) Y, RREBEORBERIESICLY TS5,

i) FEAKH —F =R MED S LI 220mm,
370mm, 520mm O FEKBREEE L1 mme5mmD
ATz 50tex D4 % KFEIZHES,

iv) REREIC S—F—% 5 WAL, FBRKNOHE
RBETS, 4k, ZITEIEKEIE, kRER
) FE o725 UL RS MEL THBESI N
BEET 5,

v) LLB/ALEL SR, BRLLE TrLELAR,
2%, £I3IRFKEPYMTLETORREZN
FRLNET 3, £72, BARURLAVBEEINN
IEFEN LR ERHET S, L, EFROBHEIE,
HERIEM A 1580 X L CRIBE A HIEZ D ET,

1 Third 'l
1 marker of
thread
Second
marker
Fabric specimen thread i '+%
\\\\\‘ i
|
0
First
narker
thread
# i
Surfa
buriace Location of
ignition -
surface ignition
burner
Burner T
ort  ——— .J
e ~ 750
.Edge' Specimen holder
ignitien
_\E — purner

Burner movement rod

Fig. 1 Schematic illustration of ISC 6941 flame spread
test apparatus.
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MR RIZDWTIT S, 4B, EBAOEETL,
RR, BUAPBEIIIUTEN S OB 2 IET
5, 72, RRILELAET 5,
L, 3Rt b DRI RO 1.5 2 &
2726, ZDXy MIOWTiEL ) 3KELRE 4

viil) ¥

179

o

viil) FEHLOHE R U £ BF B4 Bl - 72 238
20T i) ~vii) DEEERE ) KT,
%3, ISO 6941 K ST M e 3 B 28 18 ) Ry 32

# Fig. 11257,

3. BRCEE

Table 312 &M BRIZ L 2 ROEETT, 2
HOEDERD I B, KREBIFHRBICBIT 2 EmEX
DISHIEER U TFiBE KD 5 W4 L I5HELIZ D
T, —HoRdHI>WTHKR L 22t ot 2T
BRS wdrodz, BB $F X — g —HOBEHRIZ D
TEXKHNTCALZ 12T 5,

3.1 BHAARIB L 7 BMEDBE R tEEE

Fig. 212l BB - BRIELOBEZR =T,
CENOBHBERIZ DV T LB RERIT B &
FICHFRB LML TB ), BRI B REST
EAEOINCFCH EL T2 2 5805, Lal,

Table 3 Comprises of the results of JIS K 7201, JIS L 1091 A-1 and ISO 6941 flammability tests for wool, rayon,
acrylic and polyester cloths.

ISO 6941
JISK 7201 JISL 1091 (A-1 and D method) (Surface ignition, Burner flame contact: § sec)*?
= i -] 1 *1 H
Sa&nople Textile “:?‘é?{l Micro burxzz’_{lz;rr;ilf:;)tact test (DC;)nLLtt}e:f)ti) Length direction Width direction
: (%) Oxygen -
érz)d?x) Afterflame Afterglow| Charred Tér&);se?f Flame spread | Charred | Flame spread | Charred
time (sec) | time (sec) | area (cm?) flame contact | T3t (em/sec) |length (cm)| rate (cm/sec) (length (cm)
1 31.8 324 0.0(0.0) 0.0(0.0) 10.6(9.6) - - 104 - 9.5
2 21.3 28.6  [0.0(0.8) |0.0(0.8) |27.3(20.3) - - 12.8 - 11.0
3 14.2 26.8 0.0(1.3) |0.0(1.3) 79.2(20.9) - 3.0 54.6 - 16.5
4 Wool 10.3 24.1 0.0(20.4) 10.0(20.4) | 171(214) — 3.6 52.6 2.7 37.5
S 6.78 23.1 0.0(22.3) |0.0(22.3) |236(260) - 3.8 54.3 2.4 54.3
6 0.0 224 0.0(19.7) [0.0(19.7) | 264(294) - 4.8 54.6 4.7 54.7
7 — 27.9 0.0(1.1) (0.21.1) 39.2(82.3) — 2.0 56.0 2.1 56.0
8 - 26.8 0.0(0.8) |0.0(0.8) |60.1(11.0) — 2.2 54.2 1.0 37.9
9 29.3 47.2  [0.0(0.0) |0.0(0.0) |22.5(9.6) - - 714 - 7.3
10 21.1 414 [0.0(0.0) [0.0(0.0) |{20.5(11.9) - - 8.6 - 8.9
11 13.2 32.1 0.0(0.0) [0.0(0.0) 21.6(17.6) — - 93 - 8.8
12 Rayon 9.95 25.6 0.0(0.2) 0.0(0.2) |33.7(35.5) — - 11.8 — 12.1
13 6.30 227 0.0(23.0) |0.0(23.0) |284(287) - 4.8 540 4.4 54.3
14 0.0 17.7 0.0(26.0) |49.5(114)[372(371) — 2.2 56.0 1.9 56.0
15 - 18.3 151(250) |566(869) |368(354) — 1.0 56.0 1.2 56.0
16 — 375 0.0(0.0) 0.0(0.0) 19.1¢4.1) - - 4.5 — 4.8
17 24.8 23.7 0.0(27.4) |0.0(27.4) {24.9(119) — 21 54.3 2.0 54.2
18 20.2 22,9 |0.0(33.8) |0.0(33.8) |113(274) - 2.3 55.3 2.2 54.3
19 14.6 216 0.0(28.2) |0.0(28.2) | 290(281) - 2.5 56.0 2.8 56.0
20 Acrylic 10.2 20.8 0.0(44.4) {0.0(44.4) | 307(351) - 3.2 56.0 29 56.0
21 6.69 19.9 0.0(27.7) |0.0027.7) | 354(362) - 33 56.0 3.1 56.0
22 0.0 17.7  |0.0¢28.2) |0.0(28.2) | 363(366) - 3.5 56.0 3.6 56.0
23 - 18.2  [3.5(99.8) [3.5(98.8) | 292(252) - 2.2 56.0 1.7 56.0
24 Modacrylic - 274 0.0(0.0) |0.0(0.0) |[6.7(5.4) — - 8.1 - 4.7
25  iModacrylic — 29.0 0.0(0.4) ]0.0(04) |5.6(5.0) - — 5.8 - 5.7
26 38.0 48.0 0.0(0.0) 0.0(0.0) |4.4(3.9) 4.8 - 5.7 — 6.6
27 26.9 43.7 0.0(0.0) |0.0(0.0) |[4.5(3.8) 4.0 - 6.2 - 6.6
28 11.3 30.7 0.0(0.0) 0.0(0.0) |4.23.7) 4.0 - 1.9 - 8.4
29 Polyester 7.72 34.1 0.0(0.0) |0.0(0.0) |4.2(3.8) 3.8 - 8.0 - 7.2
30 5.03 32.6 0.0(0.0) 0.0(0.0) |4.2(3.9) 3.6 - 7.0 — 7.8
31 0.0 32.8 0.0(0.0) 0.0(0.0) |4.44.4) 2.8 — 6.9 - 6.8
32 - 25.2 0.0(0.6) |0.0(0.6) |6.6(4.0) 1.2 — 7.4 - 6.4
33 - 38.5 0.0(0.0) 10.0(0.0) [4.8(4.4) 4.0 — 7.9 - 8.0
(Note) *1: The values out parentheses and in parentheses mean the results when contact times with burner flame were 60 sec. and 3 sec. respectively.

*2: The values of flame spread rate show the maximum of results obtained in tests.
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Fig. 3 Relation between oxygen index and charred area

(JISL 1091 A-1 method). A line, charred area
of 30 cm?, shows flammability criteria (Rank 3).
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Fig. 5 Relation between oxygen index and maximum
flame spread rate (ISO 6941).
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Experimental Study on Flammability of Curtain Cloths by
Both Test Methods JIS L 1091 and ISO 6941

(Abstract)
Eiji Yanai
(Received November 29, 1988)

In 1984, ISO 6941 flame spread test method was established as a method for measurement
of flame spread properties of vertically oriented textile fabrics. In order to investigate the
applicability of this test method in evaluating the flammability of curtains, JIS L 1091, JISK
7201 and ISO 6941 have been tested for curtain cloths.

It has been found that ISO 6941 flame spread test can be applied to natural textile fabrics

such as rayon and wool, but not to thermally melting textile fabrics such as polyester.
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Estimate of Thermal Balance in Heptane
Pool Flame

(Abstract)

Hiroshi Koseki and Hiroshi Hayasaka
(Received November 29, 1988)

In order to understand the scale dependency of fire property in oil tank fire, we estimated
the thermal balance of generated heat from the fire with a simple fire model, so-called one mesh
model. In the estimation, both experimental values of burning rate and air entrainment in
heptane pool fires were used.

In case of 1m tank fire, it was found that about 70% of generated heat was lost as upward
convective heat and about 30% was lost as radiative heat.

The ratio of upward convective heat became bigger with tank diameter.

The tatio of radiative heat in 1m - 10m tank fires were in approximate agreement with
experiment, while large difference occurred in more than 10m tank fire because of huge smoke

emission.
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Fig. 1

Fire growth in an enclosure with a window

opening. Flows are depicted by isotherms.
(Nondimensional isothermal distance=0.012),
t : time (sec), Q=90 kW/m.
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Fig. 2 Oscillatory behavior of fire flow s

purting through a window opening. Fire flows are depicted by isotherms.
(Nondimensional isothermal distance=0.012) t : time (sec), Q=90 kW/m.
(A), (B), (C), (D), (E), (F) : phase of oscillation
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Fig. 3 Velocity vectors and isotherms of fire flow spurting through a window
No. 1, No. 2 and No. 3 : point where flow is split into 2 directions.
Velocity vectors are depicted at every 3 grid both in vertical and horizontal directions.
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Fig. 4 Velocity vectors and isotherms of fire flow spurting through a doorway (present study).
Compare isotherms in the circle between Figs. 3 and 4.
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Fig. 5 Velocity vectors of fire flow spurting through a doorway (previous study7))
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Fig. 6 Experimental observation of fire flow outgoing through a window of an enclosure.
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Fig. 7 Vortices due to gas burner flame in a long
duct22),
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Oscillatory Behavior of Fire Flow
Burning on Building Walls

(Abstract)

Kohyu Satoh
(Received November 30, 1988)

It has been of great significance to investigate fire flow spurting out of windows and burn-
ing on walls of buildings. Two-dimensional numerical simulations of fire flow in an enclosure
with a window and on the outside of the fire room were carried out. It was found that present
calculations show the fire flow spurting through openings are pushed onto the building walls
above the window of fire room, which is similar to the results by Yokoi. In addition to this,
periodic oscillatory motions of fire flows spurting through windows and generation of vortices
along fire flow were found in this numerical study. The oscillatory behavior and generation of

vortices were observed in experiments, too.
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t

- {CQ(t)—Co((n)} Vo + LGCO(U Go(t)dt
9yt= n

j Ce(t) dt

tq

NOMENCLATURE

C--smoke concentration suffix
Go-ventilation outflow o ~UPPER room
§y-smoke leakage f-FIRE room
go-fresh air inflow (=g -9 —..t -t time
Vo-room volume average

Fig. 1 Schema of smoke leakage model. (Buoyant fire

smoke leaks out from a FIRE-room to an
UPPER-room through small openings, and air
in the UPPER-room is contaminated by the
smoke gradually with fresh air ventilation.
Instant diffusion is assumed in this model.)
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- UPPER-roomiR
]
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- 2FL
g 2FL o
i, FIRE-room
warm
. s w?rid -
1FL electric

orifes o] U
(b) A-A Section

FIRE-room

symbols
F : electric fan for mixing

[1FL @»: SFs injection point

—————— measuring point
(A} 15 CA thermocouples in vertical direction
-~ 3 tracer gas sampling points @
1 0. sampling point at the center

B

(a) Plan

~y~-15 CA thermocouples in vertical direction

L. 1 tracer gas sampling point.--@

Fig. 2 Installation of full scale test. (A room on the Ist
floor and another room directly above are
supposed to be FIRE-room and UPPER-room
respectively. Tracer gas is used instead of fire
smoke to estimate leakage from FIRE-room to
UPPER-room, while the leakage is measured by
an orifice flow meter installed at a slab.)
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Lapse of time after tracer gas injection (min.)
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1
[d Measurement of tracer gas concentration
: ] ’

SFs injection (IFL) [ « | SFe conc. 99.9 vol¥,
: inject rate = 4000 cm®/min. :

SFes sampling (2FL) |+ sampling duration = 2 min. - interval = 2 min.
: e« 7 rate = LOOOcm?/min. +sampling bag = 5000 cm®

? EXP. 1
Exp.283 ] ]

: T : ,
d Measurement of ventilation :

“—conc. level at = | C O injection (2FL) |
some thousands ppm { ‘ :
méasurement of COz2 | « measured with an infra-redray C0. analyzer —
decay y , Y
: ! : : :

d Other installation

'

hot wind is blown into FIRE room during experiment ‘ - I
Exp.182 rinflow flux 7.3 m3/min. « Heat flux 6,300 Kcal/h.
Exp.3 © »# 10.2 m3/min. « ” 10,300 Kcal/h.

Fig. 3 Time schedule of experiments. (A starting time
of experiments is the time basis at when tracer
gas is injected in FIRE-room.)

tracer gas in filter

needle vaive
/

4} " .
prmmm mmmm m m e e = —
/7
’
’

flow meter

. (max 51/min)
air pump

purge line

X 6 lines

sampling line J/ 51 I
I0m 3¢ X5¢ K sampling
,' XS5bags E\ bag
A
/ L
A I i

6 electromagnetic
valves

Time controller

Fig. 4 Schema of tracer gas sampling equipment.
(Tracer gas is sampled during 2 min. periods at
every 4 minutes.)
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Table 1 Condition of chromatographic analysis.

Column Porapack Q, SUS.Col, I.D.3¢X 2m
Temperature | Col. 230°C, Inj. 240°C, Det. 230°C

FPD (Flame Photometric Detector)
Detector H, flow rate 50 cm®/min, applied Voltage 800 V

0, flow rate12.5cm?® /min
N, flow rate 10cm®/min

Carrier gas N, flow rate 70 cm* /min

Working Curve| Concentration « Ln (peak height)

L, B, AN TNy ZIADREEE, B L
Tty PHEOBRBRNIZFERR S ec b B EELLN
LA%, 7Y v TREOEFEL, 000cc iz FX1/1,00040
TThario, HlLBEMEITLL, -2,
3.2.3 RREORE
BB, TRERE (CO2) & By g T
EU7z, EREBSSI008TEYD, WEEH» % TFoom
2B E9CO ML, 2HDHEBERTENELIE
AL TENBEE2HELLS 2, ERBBES TR
B8 (JEBR No. 1 Cld 4 5) 0 S MEE PR TRE D
FAMEL, HEEBHEOMIIEE TERATiLL]
SN COL DY E (1 n(Ceoy (6)/Ceoa(to))) O F
BHFERN 2 B/ T E TR, TR TERYH
S e b t R E R KD Tz,
Golt)=—Vo-N (4)
7277 L Ceoa (1) 1 #55) t 0 COL T EE (vol. %)
N B2t 5 H320 1 n(Ceoy( )/ Ceoz(to))
D1 SHEOEO TN RIEIC & b IR
Vo ! EER(m®), BRAFoldWES
Colt) : WS H o0 &> ¢ e T 1 (m®/min)
CO2 BRELZ, FIMHETHTEH (2,2 5 vol. %) & Al
THBEBE LT 72,
3.2.4 BREBOEERNTE

Fig. 212 & 712 EBO—IKEIZ50-40¢ DA ) 7
4 ARBITREAEL, WEMERETRE (PR X
10 mmAq) Y b imAEE EENEL AP i)
7 4 RO, SEOEREOFREGEN T, ¥
5 YULINOME THUMEGRTH b,

3.2.5 BEEZE

& ENOEEILESHNE D726 Fig. 2(a) 17T
P B154, AERIRENEN TS 2 BN 1
2, CABELH(HEE0.324) % 7517, 15 HIM THRE
M dsE L 72,

3.3 EEREMBOBERM

EETld, 1 HWERNEEE REL Z O IMRIZ
Lo T~ = ANEALRES R,

F U —H A ZOBBIC R, 1SS 28~
SREEAEEERIE & A B & 5D TR TL0 L A
L7z,

HE I F BT 3 EERL 2, SEROFEIL,
Table. 2127 F £ 942, FEHNo. 1, No.2i3, 12FH

Table 2 Condition of experiment.

FIRE-Toom Upper-Room
(1st Floor) {2nd Floor)
Condition Inflow rate , Temperature ) SF, Conc. Number of
with ! rise ! ventilation
fan heater | i exchange
{m*/min.] | [deg.Cl ' [ppm] *1 [per hour}
! '
Exp. No. | 73] 4 o] o, 45 3 times *2
)
Exp. No. 2 73] ¢ 1o L |28 18| *3
* 1
Exp. No. 3 10.2 , 20 i 25 1.8

of. *1 Value at about 17 min. after SF, injection
*2 Average Value between 4 to 19 min.
*3 Average Value between 5 to 21 min.
{Values in Table arc shown as approximations.)

—RAEMN (RERCRER) CTRAEGE LY
AMEIZES D A, EENo. 2, No. 33, #%
Sl BESIIIEL Th BV BARECENDH LY
£, EHNo. 1&No. 313, A - BE - BUEHFTAT
WEDNHEHATHD,

Table. 312777 & 5 EB P, KXZLWEZRD
BHEHIESHIZ ETESF S ITEFRECH -T2,
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Table 3 Temperature rise during each experiment.

[unit: deg. C]

Exp. | Time FIRE-room (1st floor) UPPER-room (2nd floor) Ogen
oint T air
No. irI;Exp. CEIL. 7» FLOOR | MEAN RISE CEIL. 'FLOOR | MEAN RISE Temp.
Start 323 : 27.8 29.9 +9.7 23.8 : 23.8 23.7 +3.5 20.2
No. 1
End 34.1 i 293 315 +8.7 239 | 238 23.8 +1.0 22.8
Start 324 : 29.5 31.1 +11.7 23.3 ; 23.2 23.2 +3.8 19.4
No. 2 ‘
End 331 ' 305 31.8 +10.5 23.3 | 234 233 +2.0 21.3
1 T
Start 40.6 : 354 37.6 +19.9 256 25.6 25.6 +7.9 17.7
No. 3
End 42.8 : 37.2 39.7 +17.9 25.7 : 25.7 25.6 +3.8 21.8
cf. 1) CEIL. =at 2.5 cm below of ceiling, FLOOR = at 10 cm above floor, ) )
MEAN = average temperature of 15 measuring points, RISE = Temperature rise against open
air temperature. o )
2)  Start is the time when tracer gas is injected in FIRE-room, and End indicates after 30 min.

4. ERBRCER

4.1 HESHRBE
411 PL—HHRBRERNERE

Table. 413 2 53 Wz 72 D UL L 72 R B o) SFy i
B ZMEPBoF RS CHEE AT L TELL
LN THL, EBETIE, Fig. 5(@) TRy L5z, K
REOBE, Htppmot —FTEL, BED
BRI, —EBDBE RGN REN D DI
2 A FNORY TE-2 LB BENE(L 1 —exp(— i)
(n I EBREHCHRAE EBM, (IRARE) 10k
LA TERBAZINS,

—7Ji, MEZTIR¥Bppb 4 — 7 THEBIL T 5,
K oids o3, HEToRS, hE, Ko3Hzh

5o} O—m-exp.t
2% o%En -
el T4 &3
o) FIéE-Rm. A o 8
Q UPPER-Rm, 4 o
W 30f /' 1.2 84
o * /A [«%
T - 1.0 2
= A
" 2
Z 20t .8 =
S D 4.6 %
510 4 0
(&)
o a1 4.2
W i %
0 1 L .
Y 70 5 10 15 0
TIME {(min.)

Fig. 5 (a) SF, tracer gas concentration. (SF is analyzed
by a gas chromatography with flame
photometric detector.)

TP ek, MEERL T b, £NEIZ/NE
<, Table. 4§ &9, WMHERICBT, BE
Rl (BEEEETEE) 290.1~0.2, FEEOA
I2EHHN0.05~0. 02 N E A, FL—Ha
ARG 2D CTADEA T Z D H D,
WI0F CHEENEEII AKRZEBRENL/100% L

Table 4 Tracer gas and CO, gas concentration.

Exp. | Time SI, Concentration [ppm] CO,
T T Conc.
No. |min.| Ou 1 Oc ; Ol | Mean(S/N) | F [ppm]
3 |.057 : 069 ' .074 | .067(.092) | 25.9 | 6300*"

7 |.227,.132 ' .146 | .168(.216) | 34.8 | 5200

1 11 | .355:+.387 i 210 | .317(.210) | 41.4 | 4000

15 | .603"'.527 ,.535|.555(.053) | 44.0| 3240

19 |.796 : 754 ; 793 | .781(.021) | 47.7 | 2650

5 1.091 : .105 : 106 | .101(.058) | 14.8 | 8600

9 |.167,.173 ,.176 | .172(.018) | 17.6 | 6400

2 13 |.2471.291+.318 | .285(.089) | 21.7 | 5980

17 | 412 472" 477 | 454(.056) | 23.8| 5500

21 |.544 ; 622 : 624 | .597(.054) | 27.5 4650

5 1.1681.127 : 153 | .153(.106) | 15.8] 7150

9 |.3131.257..3 .29 (.072) | 20.2| 6280

3 13 ].399 : 405 ; 474 1 426(.066) | 23.5| S330

17 | 661 .66 | .718| .680(.034) | 25.0| 4910

21 | .854 ! -887 1 .988 | .913(.058) | 38.3| 4390

cf. 1) Valuein ( ) is standard deviation/mean.
2) Time stands for a mid time of each sampling period.
3) Avalue*' is CO, concentration at 4 min.
4) Ou, Oc, Ol indicate concentration of upper, center
and lower sampling position in the UPPER-room, and
F means the FIRE-room
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Fig. 5 (b) Ventilation rate of UPPER-room. (CO, decay
method is used with an infra-redray CO,
analyzer. Initial concentration are 6300 ppm
(Exp. 1 at 4 min.), 8000 and 6970 ppm
(Exp. 2 and Exp. 3 at § min.))
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Fig. 5 (¢) Inflow rate into UPPER-room through orifice
flow meter. (Inflow rate is measured with a
pressure transducer.)
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a

a: accumulated in UPPER-Rm,
b outflowed

H
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n
[«]

SFg TOTAL INFLOW
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TIME {(min.)

Fig. 6 (a) Estimation and measurement of total SF
inflow into UPPER-room. (Example data of
Exp. 1.)
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- N W
o o o .o

TIME (min.)

Fig. 6 (b) Ratio of total SF outflow by ventilation to
total inflow. (Ratio of outflow by ventilation
increases as concentration of UPPER-room
increases.)
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Fig. 7 Estimation and Measurement of total smoke
leakage through orifice flow meter.
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Fig. 8 Comparison between estimation and measure-
ment of total smoke leakage through orifice
flow meter.
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TOTAL SMOKE LEAKAGE Q (m?3)

(=]

TIME (min.)
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Examples of total smoke leakage estimated
with different time basis (¢,). (When data in
earlier periods are omitted, discrepancy
between measurement and estimation becomes
smaller.)

ESTI MATION/ MEASUREMENT

TIME (min.)

Note Q to=0 min. Atp: 5(3) min. D to=
9(Mmin. ¥ to=13(11)min. < to=
17(15) min.  ( number in parenthesis is a

time basis in Exp.1)

Fig. 10 Comparison between estimation and
measurement of smoke leakage. (Measured data
in 5 to 10 minuites’ period after 10 min. from
tracer gas injection are available to estimate
smoke leakage for practical use.)

ZAEE 670 LIk TH20% LN DME TR AR HEE
T& 5,
—7, REHLLIBTUBOBACEEL ZBAIC
{), MESRKES LB ALNE, ZOBREL
3, BRHMAES L & LIS, WIEEALSGRELL, £
N 4! iP‘]@?;%%FW) NS R (IR O I — 4 -
f}n%i'ﬂf"i%) A RMEN AL B, (3

FeE D & it 7\%@%‘%‘% RES GBI ErEZ LN
b, (INZ DTk, RERESEE & LICHEILD A T

VLTI BRL T B2 SEIDER TIETTEENE
B, 2ELTRIBNCERMH 2 & E 2 T30

HHIE A RORHRETH S,
4.3 tOROEHLRTRTUEL OWE
4.5.1 BEECRENE

SEOERTIE, WREA L, 2HORERIKE
LTHEY, E8,No. I, No. 210N T7 ~8CHVEE
No.3 Tl3, #20%m[Er AL Tvb, 1, 2N
REAHIEZI L 5ENOAKTFL T b EHEL

e, EBNo.2-EENO.3NL, 2HAT 7R

TTHERELIZ
a5 _ f9f‘ On—0a, T, (5)
45 T, Gr,— Oa.
=1.66
ZIZTAP: 1WRIFE, 2 MEEEROSKFEMNL
EHZ (mmAq)

g =R (C)

T [EOMITEE (K)

BEF 2l KESERUAE, 2.3 13FEH No.
33

—77, Ba= FEO/2RICIEHT 205, HERR
BN,
Qs _ (4P vz
Q2<A%> 1.28 (6)
Lh, EWTE, $1.23ThH s L5EARE, 13T

Wﬁ&n Lo TEE»T 5 t%zbh,%;mx
FEHT T EE~ORREIZ, BT ERANTHR
BHWAEE LD, O LR, aARHDLI R, —
DDREEET CIHABOHEEHYTE UL, RO &
) KRIFED ERE~ORRELHEIZ, ZeflofEs L
TRHLNBEVWIZETH D, %otb,#%mk
RETIE, KESEFPHRERE L2 2 & EBH T
m?%étm,ﬁﬁtﬁm%véifu,%%%ti
HNZEEZHEL, cA% RKODTEL I EHLELL S



HBFRATHE 5675

19894 3 H

4.3.2 tOBBRBRUNC —HHIABERMGL
&Eﬁﬂouf
— AL E, BEEOBRREBNKREC LD EAKRE
bis faiiﬁl’i;ﬁ’\@ﬁhﬂé LEATLEEZLNL, LY
‘ﬁ*%%%ﬁNo %62 &5 L, WA E (0. 10m% min)
BARSK(2.29m¥ min) 12 EH B EIAIL 4 BRE

vT§T, EE3) t{ﬁx’ié@%mﬁb@ﬁ W 7 7 B
liﬁ\n?‘:’é&‘#of:o F 7z, AR P Tk

HoTL, MEEN L — *7‘7727&{*’%9{&»\ i, &

FL 7 2BOR, BRIZIVFELELNGEGH
INE T, HEREICHE ) HES LI LA
7z,

BEBRET IR, KAEDOL L -7 2K
BREBOWELY P & LCAEL, %W@meﬁm
EOMEICHESRIITI LR a7, LLE
5, %%Nosmwﬁ&uﬁmiv_uﬁb_bv—%ﬁ
ZDBETILIV DL EHEMBICRELEL S TS
(Fig. 10), 213, BHRE%RNEE L EEE, BREO—
LD AT G ThH B & &, 2HHFE T > Ty
B A AT TN v UOBE F T O IIE B 0 R S
DBEE L TR T2 EICRRL T RS
ns,

b= xEFHOBYOEARBNE FEEGH
L, KRB RFES, Biconwihod s B~
RETHENERIHETEEREL 2, /2, EX
EBTI — VA ABERFRAEL L RO WEE
DHEEME L ERMEN B & 41TV, FHEOZEMN % BEd
L7,

FORERE, FL 2R EEORESERR,
W, RS L ORERIBOREL FITT v LI

PEEEEICET D L AEAERRITE, FES
B U%h b BERTLBLURNNEBETHETE, %%L
FTEI G EDH ST,

B, Allid 1 EEOBWTIT> Tk ), AHEL
THEICEET I H T2 - TS, FL A ARER,
MEEBEZC SV ISEREL T LErHDEE
FTwh, 312, BROEELBEL, ERREOR

BEAPHET L ETLEL L 2 HLEEOERaADE
T,T—7%%ELTW<Vt#%@§§&#%&L
THEENTW 5

SEM

1) (%R S | REEBHBOR BT 2R
(#01) WEH", p.176, (1972)
2) JIS-A-4303 : BEESB MBI

3) Francis C.W. and Zille R.H.: "San Antonio
Veterans Administration Hospital Smoke Move-
ment Study”, CFR NBS, NBSIR 75-903, (1975)

4) A D CHUTENIC BT A BRI OIEER",
H AR & RS #EERERE(RER), p. 907,
(1986)

5) Sherman M. H., Grimsrud D.T. and Sonder-
gger R.C.: “The Low Pressure Leakage Function
of a Building”, Lawrence Berkeley Laboratory,
University of California, (1979)

6) HHML “FEORBELEAR,
BOET¥HCE, p.19, (1983)

7) HEAML LA REICL D ERERRNOUE
=T, A - BRI, 62-2, p. 97, (1988)

8) JIS-A-1406 : BNIvREBIEE (REEA 23:)

9) HBER CEESMET, p. 198, HIHAR (1975)

HARESS



Report of Fire Resesrch Institute of Japan No. 67(1989)

Experimental Study of Estimation Method of Smoke Leakage
through Small Openings Using Tracer Gas

(Abstract)

Tokiyoshi Yamada
(Received November 30, 1988)

Unexpected smoke leakage through openings concealed behind ceilings and/or walls gives
confusion and hazard threatening occupants in a case of building fire. These small openings,
which were made by defective construction works and aging, can not be found easily after a
completion of building.

This paper presents a new experimental estimation method of such smoke leakage rate
applying a2 method of measuring rate of air infiltration of a building using SF4 tracer gas. The
smoke leakage directly transferred from fire room to another room can be estimated by the

next simple relation derived from mass balance equation under a quasi steady state,

t .
(Co 0 = Co 1)) ¥y + jt c, (1) G, (t) dt
o

t
ft Cr(2) dt

where g(t) is a 1z, time averaged leakage rate from an assumed fire room to a certain

(1) =

target room, C(t) is the tracer gas concentration, G(¢) is a ventilated rate at time ¢, and V,, is
a room volume. Suffixes f and o denote the fire room and target room term respectively.

An appropriateness of this estimation method is recognized by a full scale experimental
result using SFg added to warmed buoyant gas. Estimations of the smoke leakage rate agree
well with the experimental data measured with an oriffice flow meter within an error of about

20% at the maximum.
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