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Air Entrainment into Heptane Fires and Heat

Radiation from the Fires

(Abstract)
Taro Yumoto and Hiroshi Koseki

{Received November 30,1984)

An experimental study was made to explore the air entrainment into heptane fires and
the smoke blocking effect of luminous zone.

Heptane was burned in five different size tanks of 0.3m, 0.6m, 1m, 2m, and 6m in
diameter, respectively, and the measurements were made on the burning rate of heptane,
flame temperature, vertical hot gas velocity, gas composition and heat radiation from the
fires.

The total quantity of entrainment air below the mean flame height is about five times
of the stoichiometric air requirement. (Figs. 8 & 12 in the text)

In the largest tank fire, the total quantity of entrainment based on “top hat profile”
assumption agrees with that based on radial profile of vertical velocity, but not smaller
other tanks. (Fig. 13 in the text)

The rate of air entrainment is maximum at the flame base independently of tank
diameter. (Fig. 14 in the text)

The smoke blocking effect of luminous zone of heptane fire arises from about 3m tank
fire. (Fig. 17 in the text)

Radiant emittance of heptane fire obtained by narrow angle radiometers is the
maximum in the neighbourhood of two in dimensionless height in the experimental range.
(Fig. 9 in the text)
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Table 1 Chemical Composition

Wt. %
C Si Mn P ) Cu Ni Cr Mo A%
0.14 0.31 1.26 0.021 0.006 | 0.02 0.10 0 .03 0.067 | 0.041
Table 2 Mechanical Properties
thickness oy OB E.L.
(mm) kgf/mm?) | (kgf/mm?) (%)
Annular Plate 9 64 70 29
Shell Plate 20 58 67 25
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Strain Analysis of Annular Plate in Oil Strage Tanks

(Abstract)
Asamichi Kamei and Minoru Yamada

(received November 30, 1984)

Some leakage accidents have revealed that the weakest portion of oil storage tank
may exist along the toe of fillet welded joint between shell plate and annular plate. To
estimate the strength of annular plate, many studies have been carried out from theoretical
and experimental point of view.

In this study, strain behavior of annular plate near the toe of joint is discussed by
means of a simplified cantilever beam model. Material of the beam is supposed to be
elastic-perfectly plastic one. For each state of deformation, that is, positive bending
process, unloading process and negative bending process, strain distributions, such as
elastic ones, plastic ones and residual ones, are described in analytical forms. Some of the
remarkable results are shown in figures, which may be helpfull to consider the behavior of
oil tanks.
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Table 1 Observed frequency and revised frequency
of the time required from the call to the
dispatch of Musashino.

Time difference Frequnc Time required Revised f
(min) quncy (min) evised frequency
0 14 0~1 39.0
1 50 1~2 39.0
2 28 2~3 21.5
3 15 3~4 8.5
4 2 4~5 2.0
5 2 5~6 1.0
6 0 6~7 0.0
7 0 7~ 0.0
Bar Observed value
Line Calculated value
Bar Cbservational value
40 r = “ar 1 Line Calculational value
. /\_
z 30 H
20 or \
10
0 0
o 1 2 3 4 5 o 1 2 3 4 5 6 7 8 9 10
S s S S 5% ¢ ¢ s ¢ 5SS ¢S
7 2 3 4 % 7 2 3 4 5 6 7 8 § 10
Time {pin} Time {(min)
Fig. 1 Distribution of the time required from the Fig. 2 Distribution of the time required from the
call to the dispatch (Musashino). dispatch to the arrival at the scene (Musashino).
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B Gy e (4)
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Fig. 3 Distribution of the time required from the
dispatch to the arrival at the scene (Ogawa).
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Table 2 Statistical values of the time required from
the call to the dispatch
Musashino il T Bar  Observational value
Number of samples 111 K/\ | Line  Calculational value
Minimal time difference(min) 0 z 1
Maximal time difference(min) 5 § '\ -
Mean value (min) 1.61 = T i
x2value 0.777 10 ;_A \\
Degree of freedom 5
Phase!’ 2 .
Significant level? (%) 97.5
Notes.
(1) Phase of Erlang distribution. o
(2) Significant level corresponding to x? value. 0 1 2 3 4 5 6 7 8 8 10
§ S s s 5 5 s S S 59
| 2 3 4 v 6 7 8§ g 10
FT Time (min)
: Bar Observational value Fig. 4 Distribution of the time required from the
or . . dispatch to the arrival at the scene {Takatsu).
Line  Calculational value
> (LB E2ERT S,
: W B b I TORMATRS b0, BRI
= ’ BEFF &I Th B, MIEE ORMERT~T1
ol T BELTHENT, HEtE LB EHTELRETN
N | BBROERE Fig. LIORL 72, RERMHOREOT
— 7z, 2ECHENLCHWESHL 2HEREFT—-7 v F
HERLLTHBELLZEREFTNKR S 7 7 TR 72,
BRI 14 2 & IR - TH B, Table 21 Fig.
5 LicBE L et E2 &b L EEH L BBEEZ T
6 1.2 3 4 5 6 7 8 9 1 DOFFEREIC W T, ZHXTXCTERT L2k
St iliisgce #TE B, Fig. 2~4 12 £ FN, REFHEE, I
Time (min) W EL L UBEMEKROESE Y LRIBEHE T TORT

ZesHB B8 E R L 72, Tabel 3 ic 2 & cBEEL 72

Table 3 Statistical values of the time required from the dispatch to the arrival at the scene.

Musashino ogawa Takatsu
Number of samples 111 296 132
Minimal time difference(min) 0 0 0
Maximal time difference(min) 16 14 10
Mean value(min) 4.32 4.35 4.36
x%value 10.840 4.552 3.773
Degree of freedon 10 10 10
Phase 2 2 3
Significant level (%) 37 90 95
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Fig. 5 Distribution of the time taken at the scene
(Musashino).
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Fig. 6 Distribution of the time taken at the scene (Ogawa).

Table 4 Statistical values of the time taken at the scene.

Musashino ogawa
Number of samples 109 197
Minimal time difference(min) 0 1
Maximal time difference(min) 22 67
Mean value (min) 4.33 4.33
x2value 1.761 1.761
Degree of f eedon 10 10
Phase 2 3
Significant level (%) 99.5 50
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Fig. 7 Distribution of the time required from the Fig. 8 Distribution of the time required from the
scene to hospital (Musashino). scene to hospital (Ogawa).
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Fig. 9 Distribution of the time required from the scene to hospital (Takatsu).

Table 5 Statistical values of the time required from the scene to hospital,

Musashino ogawa Takatsu
Number of samples 94 147 117
Minimal time difference(min) 0 1 3
Maximal time difference(min) 32 22 25
Mean value 6.01 4.98 10.17
x¢value 5.271 3.109 19.057
Degree of freedom 10 13 20
Phase 2 2 4
Significant level (%) 87.2 99.5 50
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Statistical Analyses of Ambulance Service in Some Regions

(Abstract)
Kohei Sagae

(Received November 22, 1984)

Statistical characteristics of the ambulance service were studied in this paper,
especially the following 4 distributions were studied through statistical analyses using the
data of ambulance services in three regions, i. e. Musashino in Tokyo, Ogawa in Saitama
and Takatsu in Kawasaki, Kanagawa.

(i) Distribution of the time required from the call to the dispatch,

(ii) Distribution of the time required from the dispatch to the arrival at the scene,
(iii) Distribution of the time taken at the scene,

and

(iv) Distribution of the time required from the scene to hospital.

All the distributions could be represented by Erlang distributions with some phases.
Being composed of the summation of exponential distributions, Erlang distribution is easy
to deal with mathematically. Therefore the result is able to be used for the allocation
problem of ambulance stations by decreasing the average time and increasing the phase of
Erlang distribution through the simulation of ambulance service.



THESRFSERT# S #59%

19854 3 A

KEERERESF7rVEREGE KB ORAMEEICOLT

2T =1 G

(BAFI594E11 A30 552 58)

1. ##

IRFISOE12RicHE I Nz TR AFKIOBRM Lo
BEEDLES, (HIEEHEHT) » L EBHERN SN
TwdTha—n, vbr, E¥EE, T, TLTF
EF, ZZATN, T—TAEEED LWL KEEE
A SACHT L TE, IR IE MR B I K FHE A
ENTb, THLNDEEKENS b, BET7 vik7>
AFCIBMEARE ELICEBENTW 25T LE
BB AK] OkBMESSFiIo 7 RRREIEES %
BIML2LD) 2°b b, ZDF A4 7DEMAFITN K
HRER UM I B\ T, BERD KA MR B 1 A K
RO NG VR A R L DO S0 2 i 3ok o 8
BET, TLKEEESTFOVNVERTH B 2HME
PEERETETFSULEBHTEL, L F oV o
E-EEEL w5,

SHEDER T, ZoOBRLYERTRTES TS E
BEBH AR L, SEEKERARFRICL DR
ELEN#EREAN sz 72,

2. KBHE

EEBBEARIZEEES L THEEIN, BANEBIZ
3ENIR 6Vl RNEISTRERSL, BiSE(n/ 2
W) ZBLTEETS,

2.1 BBEE

BAERBIIEHEESRICEI N AKRUBERS 71
ExL, BE3E3HR (v yiv— - 7o¥—1
aT—) Tha,

2.2 ®/XN

KBRIZAIZHE S 20U, REEHEARE S 20 (Fed.
Spec. O-F-555C) TH b, ZNif ) RILZBAKEHNT.0
kgf/om DBE, WA B EHE B A722.77 /mink % 2 L 512
REFENTY 2, LA LAHDERTHE, EARREE
HEL22.54/mink b L5112 ANDOBREH 2T

up

AL, 20/ ALosiihRid, BKEEOR
WMEa— LIRHIN MR L 2L DIchTEER
T, BB A YA BERERRER, XL r
R247TH5,

2.3 BRHO

® ANnfimicid, Fig. LICRT#UER (7—
XAy 7) OWRHO 2R 57,

2.4 EHAH

FEDERIZHIWEAFNL, TAVIDF s
TN T4 —h3 AT L4858 AERO-WATER PSL
WRRAT, KFE2EFHVLNTH 2,

T8, BIEOEASEE, B/ X0, Ehta, my
KEE, BIRDNTTCIEAL 2L DTH D,
2.5 RAMAERER

HWKBROBBBEIZIROFRIC L - 72, (ViEERE
DL UDMENBE (6vol%)ic i THr2 7L 3
v 7 AHRBKBHEHE)—), QRBEBNANFR,
BRESHE L/ X)Lz Fig. 2 1R TI4E % AR
12234 ZEWMNAAT AR BUTIRFR - w3), &
V@REEEE L ZULDORIZ Fig. 3 1R+ 5 2%
EODI A T ER) M FRLUT AT 2AESRR
EVS)DLEERAL . ZBRIERR), Wk,
HKBEBRDH—(DDFR & R, BKBESTE
AIETH— % L5 IZERL 2L 0 TH B, T H,
FIRNEHRNE R TREI OIS s+
52L& T, BORER TN,

EBREEORHKR % Fig. 1 ICT T, BB THA
DIREEETHE, 4B, 7V v 7 AHRNES
2id, BEEBOWRERE A V7 2B 2 RETIT
272 F72, B/ XANERNIEED <4 738K
BEDRERFANIz, SEDEBTOFEBEKIETNT
Bk OKEKR) Thoto. EBRIZLTTHEMN SN

CEHEERIS SmD A T ZAEE 16D L o,



MU RATHRE  $59% 19854 3 H

37 -

Fig. 1 Schematic diagram of foam making device.

® 1% in. hose (length=>5m).

@ Tube for visual observation.

U. S. Standard foam nozzle {Fed. Spec. O-F-
555C).

® Foam applicator.

@ Air compressor.

@ Water tank.

® Foam agent tank.

@ Pressure proportioning installation.

® Mixing unit (a tube with fins or glass beads
inside).

Fig. 3 Mixing unit (a tube with glass beads inside).

BEAE(, KEBITEVIZ VBRI 72,
KA TR (3, R AT (0 B ST B fERT B 124780)
BV, BREE (KE320nm) THEIEL .
h, WOBMRIITROLKEREFEICL > TH
~N7z,
a) SEIEMEER, BEKETRITERH
BATIOHW KRB IC L DRIEL 72,
b) HAMIEH
4 ¥ 1) 2 E#HE (U. K. Defence Standard 42-3/
Issue 1 1969) =X DBEIEL 72,

¢) MEE
Fig. 2 Mixing unit (a tubé with fins inside to make LB RERBEEY A THIEL 2 B8
eddy flow). P, KESHPHXEXES ZE Wm0 FHIL, T
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7 R LROBFBEY B L 2R Ei A RBREE (K
& 2 [3#E150mn, #235mn, BFH M REE 2 180mm,
MR & 135mm) WIZ AL, IiEIC & 2 EHORAH
mE, BLURW00ccnBFHEAH60% (300ce) 12iF

3. KRRBRCER

SREROKERAN G FRIZL ) SEL 2EnEER
% Tables 1~4 {273,

3.1

BKBERDIRE

LT HFETOEMEZE -2, BRI BERRE T BIC L 2 KBEBRORE* Fig.
Table 1 Details of the relative foaming properties by premixing method.
Concentration | Room Water Temperature | Temperature Properties of the foam
Drainage time Heat resistance
of foam solu- | temperature | ternperature | of foam of foam solu-| Expansion Shear 7 e e Tocreae of the foam volme
) ] ncrease of the foam ve ecrease o
tion agent tion ratio 2-5% 50% stres‘s Meximun volume Hgﬁsd ngl ?; a‘;}hisgl fx(r)]«,e/c of the
(vof%) ) (c) (c) () “(minsec) | {min-sec) | (N/m%) {cc) {min-sec) {min-sec)
4.0 6.0 10.6 7.9 10.3 7.1 14'12" | 26'48" | 3.3 660 148" 4'50"
5.0 12.1 12.1 8.1 12.0 6.8 22'51" | 37°40" | 3.5 780 2'40° 567"
5.7 9.6 10.8 — 17.8 6.7 | 22'56"|39'30" | 3.6 850 2'40" 6'30"
5.7 14.2 12.9 — 15.8 7.2 18'54" | 32'38" | 3.7 850 2'55” 6'53"
5.9 1.1 12.6 — 12.6 6.2 27'18" { 43'12" | 3.7 800 2'13" 5'50"
6.0 12.1 10.0 9.1 9.9 5.7 39'31" | 62°19" | 3.7 830 3'00" 715"
6.0 15.9 14.1 12.8 13.6 6.1 34'31" | 54'36" | 3.5 840 3'03" 7'12"
7.0 9.0 12.0 7.3 11.0 5.6 58'09" | 89°48" | 3.8 825 3'30" 7'47"
Table 2 Details of the relative foaming properties by pressure proportioning
method without mixing unit.
Properties of the foam
Concentration | Room Water Temperature Drainage time Heat resistance
of foam solu- | temperature | temperature | of foam agent Expansion Shear Increase of the foam volume | Decrease of the foam volume
tion ratio 7% 50%7 stress‘ Maximum volume i Heg:neg ?riﬁzlitoa\l‘r’;ﬁ %lg?:f of the
vot%) (T} (T) (T) {min-sec) (minsec) | (N/m?% {cc) (min-sec) (min-sec)
2. 8.0 9.1 — 3.1 < 200" 4'30" 2.7 650 100" 407"
2.7 12.0 11.9 — 4.2 < 2'00" 9'04" 2.5 650 130" 4'30°
3.4 13.2 10.2 — 5.1 6'40" 16'27" 2.7 700 1'43" 504"
3.4 11.0 9.4 8.3 5.2 824" 2117" 2.6 700 2'10" 522"
3.6 12.6 12.3 — 7.3 15°00° 27'33° 3.2 750 2'20" 5'09"
3.6 11.0 13.0 — 6.3 10’517 21'46" 2.7 675 135" 443"
3.6 8.0 8.5 5.8 5.1 8'44” 22'63" 2.7 700 2'45" 601"
4.3 4.0 8.3 6.7 6.9 32'21° 54'21" 3.0 700 2'50" 617"
4.5 6.5 6.2 — 6.6 18517 33'58" 3.8 680 2'00" 4'44"
4.6 9.0 9.8 — 7.3 16'41 29'35" 4.0 720 2'10" 500
4.6 11.0 12.2 — 7.2 12'48" 24'12" 3.2 720 2'20" 509"
5.1 7.9 9.6 6.7 6.7 29'31" 51'36" 3.5 740 3'00" 617"
5.4 9.5 11.6 — 6.8 14'31" 26'56" 3.7 700 2'02" 4'56"
5.6 11.0 10.9 9.2 7.3 24'16" 41°01" 4.4 810 3'22" 646"
6.2 11.8 12.6 — 8.0 22'19" 38'23" 4.2 750 2'34" 543"
6.7 5.7 7.6 4.3 6.9 34'55" 59'53" 3.5 800 4’20 921"
7.3 9.5 10.0 6.6 5.9 47'48" 75'34" 3.8 850 3'33" 812"
8.1 2.0 8.0 5.2 5.8 77'33" 124'04" 5.7 820 4'20" 8'38"
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Table 3 Details of the relative foaming properties by pressure proportioning
method with fins for mixing.

Properties of the foam
Concentration | Room Water Temperature Drainage fime Heat resistance
of foam solu- | temperature | temperature | of foam agent Expansion Shear Increase of the foam volume] Decrease of the foam volume
tion ratio % e s Maximum volume Heﬁ;e,g E;Egla}toag‘iz}élﬁ&% of the
(voé%) {C) {C) {C) {min-sec) {min-sec) (N/m%) {cc) (min-sec) {min-sec)
1.2 10.4 10.9 — 2.9 < 100 — 3.0 630 100" 3'30"
1.7 7.9 10.3 — 3.4 < 2007 — 2.1 650 100 3'45"
3.2 7.6 11.0 — 4.7 527" 14'45" 2.5 700 1457 4'55"
3.3 11.9 11.7 — 6.0 812" 17'35" 2.5 700 130" 4'24"
3.3 12.7 11.5 — 5.9 9'26" 18'50" 3.0 750 2'00° 5'00"
3.4 16.0 12.4 — 5.8 717 15°48" 2.7 700 147" 4'40"
3.6 11.3 7.0 — 5.6 11°24" 22'04" 3.1 750 2'05" 518"
3.7 9.1 9.9 — 6.4 10'45" 21'16° 3.2 725 2'00 436"
4.2 9.8 11.1 — 7.1 13'17" 24'34" 3.2 730 210" 4'52"
4.2 2.4 8.2 5.0 7.1 20'26" 36'55" 3.3 675 205" 518"
4.3 11.3 9.8 — 7.9 13'10" 23'58" 3.1 720 2'20" 502"
4.4 8.3 9.2 5.2 7.7 20'47" 3703 3.5 775 2'35" 5'59"
5.0 9.9 10.9 6.6 7.4 24'57" 42'48" 3.7 770 3'20" 6'37"
5.8 9.1 9.0 7.5 7.3 26'52" 44'37° 3.8 800 3'02" 6'57"
6.5 8.8 8.9 6.8 6.0 41'18" 65'06" 3.7 780 320 6'51"
6.6 4.9 10.8 6.0 5.9 59'08" 93'33" 4.0 800 3'53" 8'08"
6.8 7.8 8.8 6.0 6.0 5048" 81'10" 3.7 825 3’25 7'36"
7.9 5.4 9.2 7.1 5.4 85'52" 136'10" 4.0 820 3'30 807"
Table 4 Details of the relative foaming properties by pressure proportioning
method with glass beads for mixing.
Properties of the foam
Concentration | Room Water Temperature Drainage time Heat resistance
of foam solu- | temperature | temperature | of foam agent Expansion Shear Increase of the foam volume | Decrease of the foam volume
(vos%) (C) (C) (C) {min-sec) (min-sec) | (N/m?) (cc) {min-sec) (min-sec)
1.4 9.2 10.2 10.0 3.3 < 1007 — 3.0 640 100 3'52°
2.1 10.0 9.8 9.9 3.6 < 1'00" — 2.5 690 148" 4'54"
2.2 9.5 10.2 — 4.6 < 2'007 10'13" | 2.5 690 145" 4'48"
2.4 7.1 9.4 — 4.2 2'30" 9'57" | 2.5 690 1'30° 4’507
3.2 6.2 6.0 — 5.3 10'19" 20'57" | 2.8 690 2007 5'00"
4.1 13.2 11.0 — 7.8 14’00 25'25" | 3.7 740 2'20" 508"
5.4 18.8 14.3 13.2 6.3 24'32" 38'37" | 3.3 800 236" 6'22"
5.5 12.3 9.4 — 6.3 30'13" 47'07" | 3.8 840 320" 7'10"
5.9 13.0 12.3 11.5 6.0 35'45” 56'55" | 3.6 850 308" 7'18"
6.0 13.5 11.8 10.1 6.1 32'07" 50'08" | 3.6 870 300" 7'15"
6.2 7.5 7.0 — 6.2 39'31" 61'18" | 3.7 850 3'20" 8'05"
6.3 13.8 11.0 11.3 6.0 36'47" 57'35" | 3.7 830 . 305" 7'08"
6.3 10.3 11.0 9.0 6.0 36'59" 59'02" | 3.6 840 310" 7°8
6.4 11.5 10.7 — 6.3 34'20" 53'46" | 4.1 825 3'30" 7'57"
7.0 8.9 8.1 — 5.6 63'53" 95°19" | 4.2 820 3'25” 7'38"
7.2 15.5 10.0 10.7 5.5 61'49" 94'42" | 3.6 850 3'49"  8'16"
7.5 10.0 9.3 9.7 5.6 68'20" 107'59" | 4.3 840 3'30" 806"
9.5 7.1 9.3 7.6 5.2 144'32° — 4.6 850 4’507 9'15"
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(a) Premixing method.

(b) Pressure proportioning method with glass
beads for mixing.

(c) Pressure proportioning method with fins for
mixing.

(d) Pressure proportioning method without mix-
ing unit.

Fig. 4 Appearance of mixed state of foam concentrate and water.,
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(a) Concentration of foam solutions were about (b) Concentration of foam solutions were about
under 4 vo£%. over 4 voé%

Fig. 6 Flow pattern and appearance of the foam.
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Foam Properties of Polar-Solvent Type Aqueous
Film Forming Foam(AFFF) Agent

(Abstract)
Koji Hayashi and Makoto Hoshino

(Received November 30, 1984)

The foam agent used was a gel forming type synthetic foam agent containing polymers
and fluorochemicals, a modified National Aero-Water PSL, which has extremely high
viscosity even at normal temperature and thixotropy, and nil in water content. So the
foam agent is difficult to make a homogeneous foam solution except for premixing method.

The foam solution was prepared in the following way ; the mixture of the foam agent
and water by pressure proportioning method was conveyed directly to the foam nozzle, or
to a tube with fins or glass beads which was placed before the foam nozzle.

The foam prepared by the pressure proportioning method has almost equal foam
properties such as expansion ratio, drainage time, shear stress, and heat resistance to that
by the premixing method, when the foam solution is of 6 voZ% or over in the content of the
foam agent and the foam agent is discharged continuously, though better foam properties
can be generally expected for homogeneous foam solution.
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Three-dimensional Numerical Study of

Fire-induced Ventilations in Enclosures

Kohyu Satoh

{Received November 30, 1984)

In relation to the experimental data by Steckler et al. on flows induced by a fire in a compart-

ment"?, numerical analysis has been made using a three-dimensional differential field model. The

comparison of numerical results with experimental data indicates that the numerical solutions can

predict mass flow rates within 35% discrepancy. Some factors, e. g. effects of the net released heat,

radiative heat, local turbulent viscosity and heat source dimensions causing the discrepancy, are

discussed. Accuracy will become much better by taking these factors into account in calculations.

A nondimensional equation of mass flow rate is described.

1. Introduction

The location of a heat source affects fire-
induced ventilation of rooms when the fire is in
development. Steckler et al.»® measured flow
induced by a flame of methane gas burner. The
burner flame located centrally on the floor gave
about 1.3 times larger mass flow rates than the back
corner heat source. The author®® also investi-
gated these numerically by a differential field model,
although the enclosure geometry was different from
that of Steckler et al.

calculations ® showed, similarly ‘with the above,

The two-dimensional

that the central heat source induced larger mass
flow of air than the heat source located close to the
back wall. The two-dimensional model is inade-
quate to analyse the three-dimensional effect, such
as the corner heat and the doorway width. Thus
three-dimensional calculation based on a differe-
ntial field model was attempted and compared with
the experimental data by Steckler et al.. There are
a few reports ' in which the experimental results
by Steckler et al. were compared with theoretical

results. However, the numerical study of the effect

of doorway geometry upon the mass flow rate is not
yet fully completed.

2. Numerical Method

2.1 Compartment Geometry

Figure 1 shows the compartment geometry
used in the experiments by Steckler et al.. The size
was 2.8 X 2.8 X 2.18m (height). The doorway
height was kept at 1.83 m, while the width (W) was
variable.

The present numerical scheme employs a

J-y

2.18m
,2.8m /
W

2.8m

Fig. 1 Compartment geometry for the experimental
study of Steckler et al.,
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Table 1 Comparison between the numerical and the experimental scheme.

Experimental scheme

3-D numerical scheme

Enclosure dimensions

2.8x2.8X2.18m

2.8%x2.8%2.2m (14X 14X 11 cells)

Opening dimensions H=1.83m H=18m

(W : doorway width) W=0.24, 0.36, 0.49, W=04((=7 to 8, 95

(H : doorway height) 0.62, 0,74, 0.86, 06(@(i=7 to 9, US)
and 0.99m 08(=6 to 9, S)

1.0 (i=6 to 10, US)

1.2m (i=5 to 10, S) and

14m(i=4 to 10, US)
[S : symmetric,

US : unsymmetric]

Heat source

circular — 0.305m

0.6x0.4m (i=6,8, k=7,8)

dimensions in diameter (center heat)
0.4x0.4m (i=2,3, k=2,3)
{back corner heat-0.2m distant
from wall)
heat source height = 0.6m
=1 to 3)
Heat release rate 62.9 kW 601w

geometry similar to the experimental setup. Table
1 shows the comparison between experimental and
numerical schemes. Figure 2 depicts the cross
sectional view of the three-dimensional flow field,
that is, side view, front view and plan view. Cells
in the domain are all cubic and uniform. The
numerical domain consists of 16 X 13 X 21 cells.
Let “i”, “57 and “£” be the cell number in the
direction of z, y and z, respectively (see Figs. 1 and
2). “;” varies from 0 to 15, “j” from 0 to 12 and “&”
from 0 to 20. The inside of the enclosure is divided
into 14 X 11 X 14 cells excluding wall boundaries.
The outside, adjacent to the doorway is 16 X 13 X 5

cells, which are necessary. Because, without them,
the hot and cool ambient air may directly mix at the
doorway as reported in Reference 4. Each cell
length is 0.2 m and so the enclosure dimensions are
28 X 2.8 X 2.2m (height). The doorway height is
constant at 1.8 m.
2.2 Doorway Width

In the experimental study, the doorway width
was varied every 0.125m from 0.24 to 0.99m. In
the present numerical study, it was varied every 0.2
m from 0.4 to 1.4m. The width was not always
taken symmetrically (left and right) at the front
doorway as seen in Table 1. However, the sym-
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SIDE VIEW (y - z ) plane

S ) 1 5 T
FRCNT VIEw {

]r

i PLAN VIEW

( x -z ) plane

Fig. 2 Cross sectional view of the three-dimensional
flow field. “A” is the corner back heat source (2 x

2 X 3 cells) and “B”, the central heat source (3 X
2 X 3 cells).

metry of the doorway width relative to the vertical
center line of the enclosure width is not severe upon
the mass flow rates.

2.3 Heat Source

In experiments, a circular methane gas burner,
0.305m in diameter was used as the heat source.
The heat release rate is reported as 63 kW, which
must have been determined by the methane gas
supply rate.

In the present calculations, the heat source ‘s
like a square pillar (see Fig. 2), but does not form
any obstacles to the fluid. The heat source dimen-
sions are 0.4 X 0.4 X 0.6m (height) for the back
corner heat source. However, in case of the central
heat source, there were a few cases of bad stability
in computations, especially when configuration of
both the doorway and the heat source were sym-

metric in relation to the vertical center line.
Therefore, the heat source was intentionally ar-
ranged unsymmetrically, that is, at 7 = 6th to 8 th
and k2 = 7 th to 8 th as seen in Fig. 2. Here, “;” and
“k” are the cell number in x- and z- directions,
respectively, as mentioned above. Thus the dimen-
sions of heat source are 0.6 X 0.4 X 0.6 m (height)
for the central heat source. However, the mass
flow rate due to the heat source with dimension of 0.
6 X 0.4 X 0.6 m was much larger than that of 0.4 X
0.4 X 0.6m or 0.2 X 0.2 X 0.6 m.
2.4 Governing Equations and Boundary
Conditions
The governing equations for the present three-
dimensional numerical calculation are as follows :
[Continuity equation]
o 2pu) L 8lpv) \Blpw) o ... (1)
3t ax ay oz
[Momentum equation]

(x direction)

2lpu) , 2(put)  3(ouw) 3 (puw)
ot t ox oy oz
= O 0%y 0% (0T
8x+ 8x+8 +az @
{» direction-gravitational direction)
9 {pv) , 3(pvu) , @ (QU ) | 2(pvw)
ot ox oz
__%_ . 0t 0% e e 3
3y ”g+ax+a+az )
(z direction)
a(pw)Ta(pwu)_{__(pwv) 3pw?)
ot ox oy oz
_12 O Oy 0% .
+ Y +—== By +—= 82 (4)
[Energy equation]
a(oh) | a(phu)+ (phv) a(phw)
at | ox ay oz
_99x_99y_ 34
= "o o oz B 2 T N (5)
[Equation of state]
ﬁ:pRT ................................. (6)
[Enthalpy equation]
h:CPT ................................. (’7)

where (x, y, z) are the coordinates (see Fig. 1), (x,
v, w) the components of velocity, ¢ the time, T the
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air temperature, p the density of air, p the pressure,
r the stress tensor, % the enthalpy, ¢ the heat flux, ¥
the convective heat generation, g the gravitational
acceleration, C, the specific heat and R the univer-
sal gas constant.

Additional detailed equations are found in
References 7, 8 and 9. In calculations all the walls
were assumed to be heat insulating and the radia-
tion from the heat source and also in the atmosphere
At the free boundary
the temperature and velocity gradients are normal
The pressure at the outside of the free

was not taken into account.

ZEero.
boundary is the ambient one. The ambient temper-
ature is set to 15°C.

A fire simulation computer code UNDSAFE 2,
in which the governing equations and boundary
conditions mentioned aboue are incorporated, is
available, but the original code is based on a two-
dimensional scheme. Therefore, the code is
modified and extended to three-dirensional scheme.
An algebraic turbulence model ® for the calculation
of local turbulent viscosity is also extended to the
third dimension, as seen in the Appendix.

2.5 Mass Flow Rate

The mass flow rates at the doorway, which is
located in the £ = 15 th vertical plane perpendicular
to the z-direction, are given by the following
equation :

i2

9
Mows = = -1”(2" 7, 15) - uls, 4, 15)-AS

RS J=1 i=1

(Mo, for uli, 7, 15)>0)
(my, for u(i, j, 15) <0)
(kg/sec] [kg/m?] - [m/sec][m?]

where i, is the mass outflow rate, my, the mass
inflow rate, p (7, 7, 15) and (4, 7, 15) the density and
velocity in the 7-th, j-th and 2=15-th cell and AS the
unit cell area. “i” varies from the 7,-th left to the
%-th right cell of the opening and “;” from 1 to 9
“k” is fixed at 15.

The mass flow rate calculated was oscillating and

since the opening height is 1.8 m.

therefore it was averaged with time after the steady
state was reached. The time-averaged inflow and
outflow rates were almost equal, which is a criterion

for the mass continuity. At the same time, the
time-mean heat outflow rate was almost equal to the
heat input, which is a criterion for the energy
conservation. Thus my: is expressed as m, here-

after.
3. Results and Discussion

Profiles of temperature and velocity gradients
and also neutral plane height at the doorway in
calculations were roughly comparable with the
experimental data by Steckler et al.. For example,
the neutral height at the doorway was about 0.9 m in
calculations when thee doorway width was 0.6 m, as
seen in Fig. 3 which shows a velocity vector
distribution in the field. Contrary to this, the
experiments gave the doorway neutral height of
about 1.0 m when the width was 0.62m. Further,
the overall temperature of the hot air in the
enclosure was about 135 °C in calculations as seen in
Fig. 4 which represents the temperature field in the
vertical cross section. On the other hand, the

[ e e v -

FRIRZST |

3 T T AT L T LA T

j = 8th - {x,z) plane

Fig. 3 Velocity vector distributions in the numerical
domain. The heat source located in the center.
Heat input = 60 kW. Doorway width = 0.6 m.
Time = 67.2 sec.
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1.36 1.38 1.40 1.43 1.47 1.49 1.42 1.40 1.41 1.41 1.42 1.42 1.42 1.43 1.2
1.34 1,36 1.37 1.41 1.47 1.50 1.42 1.38 1.39 1.40 1.40 1.41 1.42 1.43 1.42 1.36
.31 1.33 1.35 1.39 1.47 1.51 1.43 1.37 1.38 1.38 1.39 1.40 1.41 1.41 1.39 1.33
1.27 1.31 1.32 1.38 1.41 1.47 1.53 1.47 1.38 1.38 1.39 1.39 1.38 1.38 1.34 1.26
1.21 1,24 1,27 1.29 1.36 1.48 1.55 1.46 1.37 1.36 1.36 1.36 1.34 1.33 1.26 1.16
1.20 1.21 1.23 1.26 1.35 1.50 1.60 1.46 1.32 1.30 1.28 1.26 1.24 1.23 1.15 1.03
1.19 1,18 1.18 1.22 1.34 1.52 1.68 1.50 1.25 1.23 1.21 1.18 1.12 1.07 1.02 1.01
1.121.12.1.11 1.20 1.34 1.54 1.85 1.62 1.17 1.15 1.13 1.10 1.06 1.03 1.02 1.0]
1.06 1.08 1.11 1.21 1.33 1.47 1.62 1.38 1.09 1.08 1.07 1.05 1.03 1.02 1.01 1.0]
1.07 1.09 1.15 1.22 1.30 1.39 1.46 1.26 1.05 1.04 1.04 1.03 1.02 1.01 1.01 1.00
=7 th - (y,z) plane
Fig. 4 Temperature distribution in the field. Condi-
tions are the same as in Fig.3. Time = 67.2 sec.
experimental data showed about 129°C for the 1.5 T f !
temperature of the upper hot gas layer. ~ 77 ¢ (enter heat o)
. . 1.0 —— : € heat B
Fig. 5 shows the comparison of the mass flow s orner hea g
rate as a function of doorway width between the -
present calculations and experiments by Steckler et g
. . . S 0.5 7
al.. The numerical solutions predict the mass flow <
rate to within 359% discrepancy. As mentioned &
. H h
earlier, the symmetry of doorway has only little ‘é‘
effect upon the mass flow rate. S (C)/ {a), (b) : Present study
The following factors which caused this dis- - (d) (c), (d) : By Steckler
. . b4 et al.
crepancy are considered here. The first reason is 2
that the burning of the methane gas diffusion flame | 1 .
. 0.1 :
might not have always been complete. As men- 0.1 0.5 10 1.5 2.0
tioned earlier, the heat release rate of 63 kW in Doorvay width W (m)

experiments must have been obtained by the
methane gas supply rate. (Complete burning of
methane gas produces the heat of 8573 kcal/Nm?3,
which is the “true calorific value” of methane.)
Generally, a methane gas diffusion flame, whose
photograph is displayed in Fig. 6, produces little
If this is true, the
net heat release rate must be much less than 63 kW.
The second reason is due to the difference of the
heat source itself between the both. The heat

soot and unburnt hydrocarbon.

source term in energy equation (5) expresses solely
the convective heat in the present calculations.
Grumer et al!?, Yumoto'? and May et al'®
reported that the gaseous or liquefied methane
diffusion flame emitted 10-23 % as radiation out of

the total heat release rate. The author also

Fig. 5 Relationship between mass flow rate and
doorway width.
(@) and (b) : Present numerical
input = 60 kW).
(¢) and (d) : Experimental results by Steckler et al..
(Heat input = 63 kW) "2,

results. {(Heat

Fig. 6 Methane gas diffusion flame.

,49_
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observed considerable radiation from the methane
gas diffusion flame shown in Fig. 6. Considering
the two factors mentioned above, the net heat
release rate of the methane gas flame and also the
convective portion of the net heat release rate must
have been much less than 63 kW. Here, the rela-
tionship of the mass flow rate m with the convective
heat input @, is represented in Fig. 7. Line (A) in
Fig. 7 is by the present numerical calculations, when
the doorway width was 0.8 m. Line {C) in Fig. 7 is
by the experiments, when the width was 0.74 m. In
order to adjust the doorway width, an estimation
line (B) is introduced, by multiplaying (0.74/0.80)°7
with relationship (A). Here, the power fraction 0.
7 will be referred later. Thus, the mass flow rate
due to the heating at 63 kW corresponds to 36 kW,
as seen in relationships (B) and (C) in Fig. T,
although the value may be too low for the real net
convective heat. The third reason is due to the
heat source dimensions. As mantioned earlier,
larger heat source entrains larger mass of air. In
experiments, the diameter of gas burner was 0.31 m,
while dimensions of heat source area were 0.6 X 0.

4m in calculations. This must affect the differ-

T T T
1.0 <
m
@ -
S -6
~
e 0.5 - (C) -
1S3
g {A): Present calculation
e (B): Estimation from (A)
2 (C): Experimental data
w - by Steckler et al.
4
=
i
0.1 l l
10 50 100 200

Heat input Q0 (kW)

Fig. 7 Relationship of mass flow rates with heat input.
Doorway dimensions are 0.74 X 1.83 m for (C) and 0.
80 X 1.80 m for (A). (B) is estimated from (4); B)=
(A)x (0.74/0.80)°7,

ence.

Other reasons to be considered are based on the
numerical method. The cell size in the numerical
domain and discrete time interval for calculations
should affect the flows.
al.’™® reported that the effect of number of cells upon

However, Markatos et
flows was quite small. Next, local turbulent vis-
cosities in the present calculations might have to be
much larger values. By larger values of viscosity,
the mass flow rate should be restrained. Present
calculations employed a maximum limit in the local
turbulent viscosity, that is, 400 times the laminar
viscosity, whereas Markatos et al.'® reported very
‘high levels of turbulent viscosity (around 2000 times
the laminar one). One more factor is due to the
specific heat of air. A constant value of the specific
heat of air in the enthalpy equation (7) was
employed in the present calculations. Particularly,
the effect of steam, produced by methane gas
Next, the bound-

ary conditions of walls have considerable effect in

burning, must have some effect.

the room temperature. In calculations, walls were

0.20 .

0.15 {1}: Doorway height H=0

I {2): Doorway height H=0

0.10- ~
m
@
@
S~
£o0.05F 4
€ .
Q
3
= L
—
z Heat release rate
foul | of methane gas burner 00 = 13 kW
e 0. 8 mA

0.8 m
0.01 R N R
0.1 0.5 1.0

Doorway width W {m)

Fig. 8 Relationship of mass flow rate as a function of
doorway width. Enclosure dimensions are 3.6 X 0.
8 X 0.8 m. Dimensions of methane gas burner,
located centrally on the floor, was 0.18 X 0.18 m.
Methane gas was premixed with air and so the flame
was blue and short.
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assumed to be heat-insulating. Therefore, this
must also have caused the discrepancy in the mass
flow rates.

By taking these factors, discussed above, into
account in calculations, more accurate prediction
will be given. Because all the factors mentioned
above have a possibility to shrink the discrepancy.

The mass flow rate m does not always depend
linearly upon the doorway width W when the fire is
still in development, that is, when the fire area is
comparatively small. Experimental results shown
in Fig. 5 (see lines (c) and (d)) give about 0.63 as
the power % of m o« W?" On the contrary, the
present calculations indicate about 0.7 for #, as seen
in Fig. 5 (lines (a) and (b)). The difference
between both the power fractions of 0.63 and 0.7
may also be based on the factors mentioned above.
However, the author’s experimental study ¥ show-
ed a relationship of approximately m oc W97 as
seen in Fig. 8, although the geometry of the
experimental setup was different from the present
case. Thus, the power fraction must be around 0.63
to 0.7 when the enclosure and heat source conditions
are like the present scheme. About the dependence
of mass flow rates against the doorway width, it
may be considered that the opening coefficient
depends on the doorway geometry. However,
Steckler et al.'® reported that the doorway coe-
fficient did not depend upon the opening geometry.

The relationship of the mass flow rate m as a
function of the heat input @, is found in Fig. 7.
The experiments (line (C) ) give about 0.26 as the
power # of m o ", while the present calcula-
tions (line {A)) indicate almost 0.31.

the study by Markatos et al.'®, the power # is

According to

estimated as about 0.21, which is considered to be
too small.

Taking those discrepancies into account, the
above relationships are changed to be nondimen-
sional. The following relationship is obtained for
the central and back corner heat source, based on
present numerical calculations and experimental

data by Steckler et al. :

Mzk'(W/I'ID)“'(Db .............................. (9)
a=10.63 to 0.7 and 5=10.26 to 0.31
where M is the dimensionless mass flow rate (M=
m/{pg'?H,%%)), H, the enclosure height, & the
dimensionless heat input(cbzQo/(ponTog”zHos’z)),
T, the ambient air temperature, p, the ambient air
density and % the constant. The effect of doorway
height upon the mass flow rate will be reported

separately.
4. Conclusion

Mass flow rates as a function of doorway width
by present calculations exist within the discrepancy
of 35 % compared to the experiments by Steckler et
al.. However, the net heat release rate might have
been less than 63 kW in experiments due to the
incomplete combustion of the methane gas diffusion
flame. Additionally, convective heat contributing
to the buoyancy in the net heat release rate should
be much less than 63 kW since a diffusion gas flame
emitts 10 to 23 % out of the net heat release rate as
Further,
employed a heat source with larger dimension than
When the dimen-
sions of the heat source are much smaller than those

radiative heat. present calculations

the gas burner in experiments.

in the present calculations, the mass flow rates

should decerease. Local turbulent viscosities,
boundary condtions and specific heat of air are
factors to. shrink the discrepancy as well as the
factors of heat release rate, mentioned above.

Based on the present calculations and experi-
mental data, the following nondimensional relation-
ship of mass flow rate is given when the heat source
is located between the center and the back corner of
the enclosure floor :

M=kr-(W/H,)* ®*

a=0.63 to 0.7 and 5=10.26 to 0.31

5. Acknowledgment

The author would like to thank Mr.G.E.
Papach for his kind English editorial service and
Mr. Y. Kumano, the former Director of Fire Rese-
arch Institute of Japan, for his helpful advice.



Report of Fire Research Institute of Japan

No0.59(1985)

References

1) Steckler, K. D., Rinkinen, W. J. and Quintiere, J.
G. : “Flow Induced by a Corner Fire in a Room-

Results”,
Physical Processes in Combustion, Pittsburgh, p.
153 {October, 1981).

2) Steckler, K. D., Quintiere, J.G. and Rinkinen,
W.]J. : “Flow Induced by a Fire in a Compart-
ment”, NBSIR 82-2520 (1982)

3) Satoh, K, Lloyd, J. R. and Yang, K. T.: “Nume-
rical Study of Horizontal Ventilations as a

Some Experimental Chemical and

Function of Heat Source and Opening Locations”,
Report of Fire Research Institute of Japan, No.
58, 11 (1984).

4 ) Satoh, K. : “Experimental and Finite-Difference
Study of Dynamic Fire Behaviors in a Cubic
Enclosure with a Doorway”, ibid., No.55, 17
(1983).

5) Liy, V.K. and Yang, K. T. : “UNDSAFE-II. A
Computer Code for Buoyant Turbulent Flow in an
Enclosure with Thermal Radiation”, Technical
Report of the Department of Aerospace and
Mechanical Engineering of University of Notre
Dame, TR-79002-78-3 (1978).

6) Nee,V.W. and Liy, V.K. : “An Algebraic
Turbulence Model for Buoyant Recirculation
Flow”, ibid., TR-79002-78-2 (1978).

7) Doria, M.L. : “A Numerical Model for the
Prediction of Two Dimensional Unsteady Flows
of Multicomponent Gases with Strong Buoyancy
Effects and Recirculation”, ibid.,, TR-37191-74-4
(1974).

8 ) Patankar,S.V. : “Numerical Heat Transfer
and Fluid Flow”, McGraw-Hill Book Company.
9) Schlichting, H. : “Boundary Layer Theory”,
McGraw-Hill Series in Mechanics, McGraw-Hill

Book Company.

10) Grumer,J., Strasser, A., Kubala, T. A. and
Burgess, D. S. : “Uncontrolled Diffusive Burning
of Some New Liquid Propellants”, Fire Technol-
ogy Abstracts and Reviews, Vol. 3, 159 (1961).

11) Yumoto, T. : “Burning Rate and Radiation of

Liquid Pool Fire”, Doctor Thesis of Tokyo
Science University (1977).

12) May, W. G. and McQueen, W. : “Radiation from
Large Liquefied Natural Gas Fires”, Cobmustion
Science and Technology, T 51 (1973).

13) Markatos, N. C. and Cox, G. : “Hydrodynamics
and Heat Transfer in Enclosures Containing a
Fire Source”, Physicochemical Hydrodynamics, 5
No. 1, 53 (1984).

14) Satoh, K. :
Aircraft Cabin Fire Phenomena”, Report of Fire
Research Institute of Japan, No. 53, 48 (1982).

15) Steckler, K.D., Baum, H.R. and Quintiere, J.
G. : “Fire Induced Flows through Room Openings-

“An Approach to Modeling of

Flow Coefficients”, Twentieth Symposium (Inter-
national) on Combustion, Michigan, Paper No.
173 (1984).
Appendix. An Algebraic Model for Calculations
of Local Turbulent Viscosity.

A length scale L based on the von Karman’s
Similarity Theory is expressed as the following
equation in the original two-dimensional UND-
SAFE *® code :

ng(/uz*vz/ Jultut+ o2+ 2

TVl w4 02+ 0,2V ey ? F 00+ U7)
Under an assumption that the eddy viscosity
can be represented by scalar quantities, this equa-
tion is extended into the third dimension as follows :

=B e vTw

Sl T ut ol Tttt twl twtt w? +

Jul Tt ul F ol o0 vt wt +wy +wlt/

Ve Pty F st 0,2 T 00,2 F 0220+ wak? +
Wyy' T Wea?)
(#, v, w) : velocity components
(2, ty, Uz, Ux, Uy, Uz, Wy, Wy, W) : first derivatives
(U, Uy, Uzz, Vxx, Uyyr Uzzy Wexs Wyy, Wez) © Second
derivatives
R : constant

The program listing for the calculation of local

turbulent viscosity is represented as follows :



Report of Fire Research Institute of Japan

No.59(1985)

C *ttttttt****t!*t*t*trtﬁ*ﬁ**'**t****l***tt**rt*ttt'tk*t*tﬁ*ti*tl*t

¢ *l*iaﬂtwt**tit*t*tkt***ﬁt***k*tt*tkkwxrtﬂxtrt*iiti*ttﬁtk*!*irttt*tttit

21D

211

310

SUBROUTINE CALVIS

COMMON /3LA/ BUOY,RESORM,VISL,VOL,VOLDT

COMMON /BL3/ DX,DY,DZ,DXY,DY¥Z,0IX,XY0L,Y2Z0X,ZX0Y,XYPZ,YZPX, IXPY
COMMON /3LC/ NI, NJ,NK,NIMT, NJMT,NKMT, MK, MKMT, MKPT,NJPT, NT
COMMON /BLO/ VISMAX,PDX4,PDY4,PDZ4,PDXX2,PDYY2,P0222

COMMON /3LE/ PDX,PDY,PDZ

COMMON /SLF/ L3(16,13),IL,IR,JH

COMMON /DM1/ UC16,13,21),v(15,13,21),u(16,13,21),7(16,153,21)
COMMON /0M2/ R(16,13,21) ,P(16,13,21)

COMMON /DM2/ SP(16,13,21),VIS(16,13,21)

COMMON /DM4/ DUC16,13,21),0V(156,13,21),04€16,13,21),3€3(13)

00 200 I=2,NIM1T
IPT=1+1
IM1=1-1
00 200 J=2,NJM1
JPT=U+1
JM1=y-1
50 206G K=2,NKM1
IFCLECI, YY) LE3. 9 LAND. K.EQ.MK) 60 TO 230
KP1=x+1
KM1=xK-1
UIJK=U(I,J,K)
VIKI=V(I,J,K)
WKIJd=W(I,J, K2
IFC(I LEG. 2 <AND. K JLE. MKM1) GO TO 210
IF(I .EQ. NIM1 ,aND, K .LEZ. MKM1) G2 TO 211
IFCILEQLIL LAND. J.5E.2 LAND. J.LE.JH .AND. K.EQ.MK) GO To 21¢C
TFCILEQLIR LAND. JLGEL2 LAND. J.LE.JH .AND. K.EQ.MK) GO TO 211
DUDX =( UCIP1,J ASX)=ULJK ) *xPDX
DOUDX=C U142, ,K)-UIJK ~UCIP1,J,K)+UCIMT,J,K))*PDXX2
OVDX =( VCIPT,JPT,KI=V(IM1,JP1,KI+V(IPT,J,K)=V (I, ,K))*PDX4
DOVDX=C(VIIPY,JPT, KI+V(IPT,d,K)) =2, (V(I,JP1,K)+ VIKI )+
3 CVOIMT,JPT, KI+VIIMT,J,K)) )Y =PDXX2
DWDX =C WIIPT,J,KP1)=w(IMNT,d, KPTI+WLIPT,J,K)-N(IMT,J,K))*PDX4
DOWOX=CINCIPT, U, KPT)+W(IPT,J,K)) =2 . % (41, d,KP1)+ WKIJ )+
2 (WCIMT L0, KP1Y+W(IMT,d,K)))xPDXX2
60 TO0 300
oUDX = UCIPT,J, K)*PDX
DDUDX=(U(I+2,J,K)=2.%UCIPT,J,K))*PDXX2
DVDX =(VCIPT,UP1, K)+V(IPT,J , K)+V(I,JP1,K)+ VJKI )*PDX4
DOVRX=(V(IPT,IP1,KI+V(IPT,J, K) =3, % {V(I,JP1,K)+VJKI)) *FDXX2
DHDX =C(WCIPT, J, KPTIY+WLIPT,J, KO+W (I, ,KP1)+ WKIJ ) *PDX4
DDNDX=(N(IP1,J,KP1)+W(IP1,J,K)-S.*(N(I,J,KP1)+NKIJ))*PDXX2
G0 TO 3C0
DUDX== UIJK *PDX
DDU0X=(U(IM1,J,K)-Z.*U(IDT,J,K))*PDXXZ
OVOX==(V(I ,JP1,K)+VJIKI +V(IMT,IP1,K)+V(IMT,J,K))*PDX4
DOVOX=(V(IMI,UPT, KI+Y(IMT, I, 00=3.%(V{I ,LJP1,K)+VJiKI))*POXX2
DWOX==C(W(I ,J,KP1)+WKIJ +W(IMT,J,KP1)+W(IMT,J,K))*PDX4
DOWDX=(WCIMT I, KPT1)+W(IMT, ), K) =3 *x(W(I,J, KPI)+WKIJ))*PDXX2
CONTINUE
IF(J.EQ.2) GO TO 310
IFCJLEG.NJIMT _AND. K.LE.MKM1) GO TO 311
IFCILGE.IL LAND. ILLELIR LAND. J.EQ.JH .AND. K.S2.MK) GO TO 311
DROY=( R(I,JP1,K D=REQ(IP1I=2(I,JN1 ,KI+REAIMXD)I*PDY*0.5
ovbY=C( v(I,JdP1,K Y=VJIKI I*2DpY
DOVOY=C(V(I,J+2,X D=V(I,JdP1,K))=C VIKI -V(I,JM1,K)))*PDYY2
DWDY=C W(I,JP1,KP1)=W(I,JP1,KMI)+N (I, JP1,K)-N (I, %1,K))*PDY4
DOWDY=C(W(I,JPT, KP1)+W (I, JPT,K))=2.%( WKIJ +W(I,J,KP1))+
(W(I, M1, K )+W(I,JMT,KPT1)))*CDYY2
bUDY=C UCIPT,JP1,K)=UCIPT,dM1,K)+U(LI,JP1,K)-UCI,dM1,K))*PDYL
DOUDY=(LUCT  ,JPT,K)+UCIPT,0R1,K))~2.%( UIJK +UCIP1,J,K))+
A (UCT L UMT,KY+UCIPT,JM1,K)) ) *oDYY2
G0 TO 402
DRDY=(R(I,JP1,K)-REQ(JP1)+R(I,J,K)'REQ(J))*°DY
DVDY=V(I, JP1,K)*PDY
DOVDY=C(V(I,J+2,X)-VIKI )=2.%V(I,JP1,K))*2DYY2
DWDY=(W(I, JPT,KP1)+W (I, UP1, K)+W(I, ), KP1)+ WKIJ )*PDY4
DDNDY=((W(I,Jﬂ?,K)*N(I,JPT,KP1))-3.*(N(I,J,KPT)+WKIJ))*PDYY2
OUDY=(ULIPT, JP1,K)+UCI, P1,K)+UCIP1,J, )+ ULJK I+PDY4
DDUDY=C(UCI,JPT,K)+UCI?T,0921,€)) =3, «(UCIPT,J, K)+ULJK)I)*PDYY?2
GO T¢ 400

.,53._

**xx%x(C0000010

00000020
0900030
60000040
00000050
000000460
00000070
0900030
00000092
60000100
GG500110
€0000123
C0000130
00000140
000001593
60000160
C0000179
00900130
06302199
00093200
€0000210
00000220
¢000GC230
€0000240
00000250
C0000260
£gogc27g
€0000280
€Q3506290
00800330
000003190
¢0300324
€0Q003230
0000240
00000350
C0000360
00000370
00000330
CC000039%¢0
00000400
C0000410
06000420
00000430
€0000440
€0000450
C0000460
00000470
000004330
000Q347¢
G0200s500
G00Q0s51Q
000005290
€0000530
00000540
00000550
000005560
00000570
00000589
60000590
C0000600
C000Cs10
£0200629
00300630
C0000640
60000652
CQ020665
C0000Ceé70

00300630

00000650
€co0007v00
£0000719
€G000723
€0000730
C0000740
€0008750
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DRDV=(R(I,J,K)—REQ(J)—Q(I,JM1,K)?REQ(JM1))*DDY

©

DVDY=~ VJKI «PDY
DOVDY=(V(I,JM1,K)=2.% VJKI )*PDYY2

DWDY==( WKIJ +W(I,J,KP1)+W(I,J%T,KI+W(I, J¥1,KP1))«PDY4L
DOWDY=(C(WCI, I8, K)+W (1, dN1,KP1)) =3, x(W(I,J,KP1)+JKIJI)*PDYY2
DUDY==C ULJK +UCIP1,J,K)+UCI,JM1,KI+UCIPT, M1, KI)*PDY4L
POUDY=((UCT, JMT,K)+U(I®T,dMT,K)) =3, »(UCIPT,J,K)+UTIKII«PDYY2

CONTINUE
IF(K .EG. 2) GO TO0 410

IF(LE(I, 4 .2@. 9 LAND. K .S3. MKP1) GO TO 410
IF(LR(I,J) .EQ. F .AND. X L£9. MKM1) GO TO 411

DwdZ =( W(I
DOWDZ=( (W (I

LJ,KPTI=WKIJ )*2D1

LI KE2)=WKIJ )= (W (1,4,KP1)-W(1,J,K;1)))*PDIL2
pUDZ =( U(IPT,J, KP1)=L(IP1,4,K¥1)+U(I,J,KP1)-U(1,J,KM1))*PDZ4

DDUDZ=((ULIPT,J, KPIY+UCI,J,KO1)) =2, +(U(IPT,J), K)+ UIJK )+

(UCIPT,Jd , KMTY+U(L,J,KNT3))*oD222

BVDZ =( V(I,JP1,KP1)=V(I,JP1,K¥1)+V(1,J,KPT)=V(I, J, KM1I)I*PDZ4

DDOVDZ=C(V(L,JP1,KP1)+V(I,J,KP1))-2.+(V(I,JP1,K)+ VJKI )+

(V(1,dP1,KM1Y+V ({1, J,KN1)))*PD2I2
60 TO 500
DWDZ = W(1,J,KP1)*PDZ
DOWDZ={W(1,J,K+2)~2.*W(I,J,KP1))«PDZZ2

DUDZ =(U(1P1,J,KP1)+U(I,J,KP1)+U(IPT,J,K)+ ULJK Y*PDZ4
DDUDZ=(U(IPT, I, KPTI+UCI,J,KP1) =3, +(U(IP1,J,K)+UTJKII*PDI22
DVDZ =(V(I,JP1,KP1Y+V(I,J,KP1)+V(I,JP1,K)+ VJKI )*PDI&
DDVDZ=(V (I, JF1,KP1)+V (I, J,KP1)=3,«(V(I,JP1,KI+VJKI))*PDZI2

G0 TO 5C0C

DWDZ=- WKIJ *PDZ
DOWDZ=(W(I,J,KM1) =2, % WKIJ Y*PDZI2
5UDZ==(UCIPT,d,K
DDUDZ=(UCIPT,d, KMI)+UCT,J, K1) =3 #CU(IPT,J, K
DVOZ=-(V(I,JP1,K

Y+UIJK +UCIP1,J,KM1Y+UCI,J, K¥1))«PDZ4

Y+UIJIKII*PDZ22

Y4VIKI +V(I,JP1,KM1)+V(I,J,KM1))*PDZ4

SDVDZ=CVCI,JP1,KMI)+V (I, J,KM1) =3+ (V(],JPT1, K)+VJKI))I*PD222

CONTINUE

SST=S3RT( ULJK**2+ VJKI**24 WKIJx«2)

STRAIN=DUDY**2+DUDZ**2+DVDX**2+DVDZ**2+DUDX**2+DWDY **2

$S2=SGRT( STRAIN + DUDX**2+DVDY**2+4DWDZx*2)
SS3=SART(DDOUDX**2+DDUDY**2+DDUDZ*#2+DDVDY**2+DDVDZ#*24DDVDX**2+

DDWDZ**2+DDUDX**245DUDY**2)
SSMM=0.08%3.5=(SS1/552+552/553)
RICHAD==3UDY*DRDY/(R(I,J,KI*STRAIN)
ASRIL=1,.%(2,+RICHAD*1.)
IFC(ABRIL .LT. 0.) GO TO 600
IF(ABRIL LEG. 0.) GO TO 610
50 TO 520
VIS(I,J,K)=VISL
60 70 200
VIS(I,d,K)=VISHAX
GO0 TO 200

a* TURBULENT PRANDTL NUMEZER = 1.0

3¥ VISMAX=LDQ TIMES VISL =+

VIS(I,J,K)=VISL+R(I,J,K)*(SSMMx*x2)*xSART(STRAINI/ABRIL

IF(VIS(I,d,K) .6T. VISMAX) VIS(I,J, K)=VISMAX
CONTINUE

50 80C 1=2,NIM1

50 £03 K=MKF1,NK
IF(VLI,NINMT,K) .6T. C 1
IF(VCI,NINT,K) .LE. O. 1

CONTINUE

50 801 I=2,NIM1

b0 801 J=2,N4M1

v v
~ o~

I,N¢,K)=VISL

1,%0,K)=VISCI, NI%E, )

TF(W(I,J,NK) .GT. 0.0 VISCI,J,NK)SVIS(I,J,NK41)
0.)

IF{w(I,J,NK) .LT. O.
CONTINUE
D0 322 J=2,NJ4M1
50 802 K=MK,NKM1
IFQUC 2,J,K) L6T. 0.) VISC1,J,K)=VISL
IF(UC 2,4,K) JLE. D0.) VIS(1,J,K¥=VI$(2,J,K)
0.)
0.

VIS(I,J,NKI=VISL

IFCUINI, I, K) .GT.
IFC(U(NI,J,K) LLE.
CONTINUE

DO 50 I1=2,NIM1

DO 20 J=2,N4M1
IF(L3(I,J) .EQ. 9) VIS(I,J,®K)=VISL
CONTINUE

VIS(NI,J, K}=VISL

RETURN
END

VIS(NI,J,K)=VIS(NIMT,J,K)
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(8)

Fig. 1 AE instrumentation system.

(1) AE Sensor
(2) Pre-Amplifier

(5) Resoluter
(6) Data Processing Unit

(3) Signal Conditioner (7) Graphic Display

(4) Data Recorder

DHEPRBICERELE L E—7IEL 2%, BRAICHE
FToaHrED, THO—DONDAEARVMCEENS
BB —RICETUETH B, ZNEFTHICTHBRR
HEML - Fig. 2 I EL-EB 20, BEK
o FIRA0kHZBED L 23— —THRGEHE %5,

ZOBHHEBHENLEFENAESRYE, AER
KikME, AERERHEZEHET S, 7274
at—IBBBREINIAER DS Ty 92 s Te
PR EREERDE Ty NV RIZAEERE2KH D
HRUTe 2 NAEFREISELABHT—F 2 A
LT T SNZUZAEE A E > —ICEIZET 5 B
DEIMBHEAENDREEEL2KDLBNLNTH S,
Fig.3» %070y 75477769 THIE: /4 XL
DEPICKEREIZED, MEINIAEELG 20K
EEBRZ TVWIM Ty N AEREZEDE X Ty
AHRELTCVEHE, ¥— 2N ZEOBDAER

voltage
—

Te

Ty —

—> time

Fig. 2 AM-detection signal and pulses for digital
data.

(8) 20MB Disk

AM-SIGNAL CONSTANT C
- — b URRENT
o———’{ GATE PEAK-HOLD DISCHARGE CCT
¥
COMPARATOR FLIP-FLg]
Y
— PULSZ-DURATION
COMPARATOR [~—% DISCRIMINATOR GATE o

—'wt\-—

THRESHOLD LEVEL

PEAX-TIME PULSE

Fig. 3 Block diagram of multi-purpose data
analysis system.
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Bz, R UBHNE0AEERREH, AEHED
RIBSA, BRL)OFHI AN —NEHRUTFAE

DFE L LEDBREEIT .
3. I onitRREERIGH

AEFEZ L2y 7 2 ENHERH%E Table1 121§,
WY F—2RBMA Y > 7 T, HFER%20ERTH%E
STV, BFRIZT-1 5> 751,080k, T-25> 7%
2,180kl TH 3, 7> 7EMIZTNTSS4L #FHvTw
5, KERBHOPH» BT, AR TEREHERE 7=
2 FROTFRERTHL 2 FZE LT, 1EEMN
MEME TERBERICH T, AER>%253FD
258 L FESKIC, WISmic b7z - TEE L 72 (Fig.
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Table 1 Tank specification.

4. e FofmE, T-12> 73, #5170,
WHM300em, T-2 %> 7 Tl3, HEHFHE130em, $EHHE

Specification T—1 T—2 260emTH 5,
2t W AT, B
Type Cone roof | Cone roof Ehﬂllliéﬁaﬁﬂ)mi\u:ﬂqﬂkf? 2\, EEIL 1 RS
2 9 HAT —7ICAE 2881 72,
Diameter (mm) 11640 15520
4RI
Height (mm) 10764 12291 4. ERRIESR
Capacity (kl) 1080 2180 4.1 250N A ERERR
: - , Table 2 I 2 008 > 7 D 4ethttye A E SRR 4T
Oil Gas oil Gas oil N . R
— Fo SKEL (AN HAKML, AL 2OwT, 1
e
Material |_Dlate 5541 S84l S DAEERFAS, AEIERY N HFHT R
Bottom $S41 SS41 ¥—& Rz, TANX—3 AEEAORARIED 2 F
Repair New bottom & L7z, Table 2 A 21&375‘6*‘]-6«.12 32, AEDZEE
Constructi 1963 iy En L FRHIANX—ERKEPERET ZIco0n, B
onstruetion | BCHASLTWE, AEORAEE, SMEMC, KEk
E20RT, BHBICNEN S>OH2E52 5,
l 3000 | |
— 2 [YA b o8 «10
(@] &)
S 9 shell plate
'¥'1 MR *3 *5 o7 9
A IE >| v e
3000 bottom part welded joint
. 6120
Je
] . |
o * 2 .4 6 8 10.
N
w
Tylel o3 o5 o7 o3
Fig. 4 Sensor maps on oil storage tank.
Table 2 Hydrostatic test conditions and overall AE activities.
Water Averaged rise | Number of Measuring Event rate Averaged energy
Tank |level (m) rate of W events, N |time (min) (counts,min) per event, E
0.5— 5.0 1541 58 26.6 642
T—1 5.7—10.2 71 1100 56 18.6 574
10.4—10.7 58 18 3.2 437
0.7— 3.2 1541 57 23.3 463
T—2 6.1— 8.0 12 1164 63 18.5 449
10.7—12.2 359 48 7.5 396

_59_
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& - ]
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(2]
Z 2
@
@10

A D

H 6. 8 io
TV 7 5
B C

LOCATED EVENTS (COUNTS)
»

B8 C

Fig. 5 Typical examples of AE source location T-2
tank.
(a) Low water level
(b) Middle water level
(¢) High water level
Numbers indicate those of the sensors.

4.2 AEREMBENEE

frEEEI:, AERIEEE £3,000m/seck L TITY
512, T2 52 ZIc W TOEEHES Fig. 5 12”7,
FX (a) (b) (€) 13{EAKAL, KL, BARAICHIEL TH
N, ERizESE, TRZREMBEIGRS V., RICR
LB Lo, EEARKELTCBY, KR)RAER%L
BLTESLEANIED L, FIKALO (b) TNe. 3
£ ENo 5 2 HOPRET, RRAESERIICH
ELTwAEA S 5 ko> Fig, 6 TH 2 L 512,
IZANE—DEIENE VBB (0) TIHERE
LT, BEEANSHLEMLL T5,

4.3 ©YRIAEREE

LV ENE I BZAEFRELHANL Z LiE, —
BOAERABLEEETHL. AENS(TET S
L EFORBOEBTCAEFBRICREL TS
ZE%EKT A, Fig. 6 38180 3 KMLIcBWT, &
wrHICROICEREL 72, 100B% ) nBERE & F
IANK—YERL T2, FEETHLY, 815,
TEABEEEN > HAFELLZAESSL, 20D
AR TEMHE L B TL D B DAESNRE
LTwab I E#RBLTWE, BRERIKLOERE
HizEAoEEICH ), FHI ALY - K50+
CHTEBETH L, FHZANX—DEHT,000% 8 2
DM THN, KELFHI AN —ICT 5DIT,
EREIBIRICN I BHRY L,

P Eix, w>98lic, 3KALCSTT, HREEF
BT ANF—DEERANLERTH L, KIS, BL
Z 1 BRI EICETREEE 9 MO AERERNE Y
Az Fig. 1,8 10 R, R LA BOBEE & FH R
WX —2EBTHAN, 72, TOEH» 1 RBEOBE
13, EPHREMCHEZ & 2RTROIC, ZORED
HESD L HEADEIZE > TETE5 IV, BERE
B T ANF =B, 1T 5D EHKRE VP, Fig.
5LEILL, K ER X iC, AEDRENEE B
BAFFERNE, WIThD e FloBnTh, B2,
P I ANX—HRICBET LI L3 kv,

5. & &

AERM +EDLT ST A—5D b, —EEEL
DAEBEBZEHr FH ANX—%2HT, FAUEES
B 2, TICART 2 AEERE L Z0IRER,
L EERDRENIIY, v E Ty I EMOER
WEE, 2L, 2y 7o RmKE 22T
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water level (m)
° N o/\ O— 0.5— s.0
o \\ 00— 5.7—10.2
O\\ —_— —
oo q A—10.4—10.7
3 o —
o q “A ‘1\ B
° 3 O 5
e, | | ————1on
A Y D
2 3 4 5 6 7

sensor number

T2,
10
water level{m)
3
16k O— 0.7— 3.2
IC!J O~ o\ Q/B\A O/D/A °.°~ T—p
2 -0 1— 6.1— 8.9
CRETHN TN o u
o, a \ aA—10.7—12.2
. S \ 3
g " ° o, i n\‘A ,/D\n b\ : =
— 10 q A |o \ E
;o 3
oA S 4 ————10n
1 o .0, \ /
1 2 3 4 5 6 7 8 9 10 all

sensor number

Fig. 6 Time variation of AE activities in hydrostatic tests.

E : Averaged energy.

10n: event per 10 minutes.

EETIHHKE R, B & B R i R S
BETE, -, B2 > HHTHIZAESES
BOLBIIREL L DTk v, 2RI L, F—t
IHT, Y LM E DR Bk T A E S
DEMELIZT5E%Rsh 5,

AESEREL, TORKEBEONEZERTELIN
%, Fig. 9 127§ X Ji2, REHIHBREE B
I3, ANBRRTCERTROGEUI NS, BIES x &
TIL BRE (W B f() =" TEbT = e pT
&b, NFHMBAEREROBBELBESHD, ¢
B VORERELEET S, 1BREOTA LY —
B TEROLLTWBDT, FHI ALY —E 3

E =322 (x)/3f (x)
=3xecx " /Sex ™
=Zx2 /Sy
Eh b, rFREICEEY 2 EM C B BFTINE
ENd, 5T, FHIANX—FE3, Moty
WOBDEN % T A= L% 018D, EBEOHET
B, 2 V/V, &8, 227, V3E1AESEROE
KiRME, Vo 3EEBET, 10mVeE L7, EELER
BPUCEE FHI ALY —51,0002 BT AEESR 7%
BRET DO, SRERT D & 0isilihd 59, =il

LR 2&EDY > 7 TEHIANLY—51,000% 82 2 A
EERHFREL TH, BRENE C, BEMCES
L7z,
AEREBNUBEEOER, T-25> 77T, K&
WUTHBRHAEEF L TREL 2BV EL NS H
EHEIFRL L VOT, BLMICHERZWEEp
N5, BEMEE, FH—AE»3 301y HicsEt
SRHEGLHEIN LY, EREEL LT, (ZHEd
DEE, HET— FOLHh, o5 - K8 - Bt 2
BRENE, BERBISBICELZ L2k, FE
BEOWREVRETH L, 22T, BERENMESL L
T3,000m/s% 8k~ 72, fE-C, BEERELTLLE
HMLBERTLOTIE LW, EhENE(, B
N, RHTRETBLENH S5, o HHDA
EfBEEHENLZ 13, BB L 2feRofr Bl 5
AEREFIEE (AE source point location) T# 2%
DI, A E 4551842 52 (AE source area location,
zonelocation) & B2 &9, ZNEEEIIEIEEEC
LU COVRERT, EHFIAREOTHBNIC B LN,
AEEREE FHZ AN X—13302 3 2 BRI L
THRE 5, HUBMIETE, HEC» 2B AE
FREL S, BRREERPDEHIANLY— s>
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Application of AE Method to Oil Storage Tanks in Hydrostatic Tests(1)

Repaired Tanks——

(Abstract)
Hiroaki Sasaki and Minoru Inagaki

(Received November 30, 1984)

The AE method was applied to the 2 oil storage tanks in practical use in order to
evaluate its availability in structural integrity diagnosis.
AE characteristcs of the tanks after repair were investigated during hydrostatic
testings.
The AE event rate (n) and the averaged event energy (E) has the tendency to
decrease with the water level.
The results of AE source location showed that there existed no point of high source
concentration.
Investigation of AE activities and their time variation for each sensor led to the
follwing results.
1) no highly AE-active area was found for the tanks monitored.
2) the soundness of the tanks was confirmed on the basis of AE data analysis, although
the evaluation is effective only in the limited area where AE sensors covered.
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Fig. 1 Layout of the room as at fire test.
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Table 1 Fire load.

Items Weight
Paper sliding doors 32 kg
Straw mats 300
Sliding doors 50
Ceiling materials 59
Columns and beams 150
Desks 25
Book cases 107
Chests of drawers 142
Chairs 6
Carpets and rugs 39
Books 255
Beddings and mattresses 102
Clothes 53

Total 1320 kg (53kg/m?2)
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2.2 REHZ2DOB
7 Z NI PR EE A & 55em, EERIZE A 5 150cm, KA

FEHANCS I, BELESREL 2,

AAGHNIHT R 7= b 75 7(GC), #r7ua<w

VT ZAAR7 fuA—% (GC-MS), #i+
SHHERF, KFELA A > RBIKkToHEE, B4 T
B ER 2R TT -7,

GC, GC-MS B LRI, BERSD
SIRITT TR, RESHIC L 24 R B LKBIT
BOZOICLHV:, GCHMDGHNERIZE LU0
53875413 Table 2 12577,

RACKFESIETIC X 2080133 gL 288
HRZDCTIT, BIRILKFE 2 A 5 o BETRD 2,

T ibkF (HCN), #ibkE (HCD), Z=EEI(L
B (NOx) BLUWHANATIATE FlzaiEst+ B
Wizl BRIC L DS L 2, FRL DS HEIZRD
BN TH5,

HCN 38 A 2D A5 72472 77—|2 IN NaOH
BERAOmMIZMZ, e HJRINEY, BHEY, FRHE
EERRAEZ G, ERL, V)PV ok
INBUE v T B AN

TllemDALES S, WESmA T > b R34 7 TR HClLIZRR A 2D A - 72275 —{2 IN NaOH
Table 2 Condition for gaschromatographic analysis.
Gaschromato- Carrier Oven Object
Detector Column
graph gas temperature gas
Stainless steel 3mX3mm id . .
1 TCD Molecular Sieve 5A He 50ml/min 80°C CO, 0,, N,
. . CO
9 TCD Stgmless steel 2mXx3mm id ) " 80°C 2
Silicagel
3 TCD Stainless steel 3mX3mm id " " 1o0C Acrolein
Porapak Q
Stainless steel 3m X 3mm .id . . Organic
4 TCD Porapak QS n 30ml/min  35-240°C compounds
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Table 3 Compounds detected in fire effluent gas.

CO Diacetylene
CO, Furan
HCN Benzene
HCI Toluene
NOy Methanol
Methane Formaldehyde
Ethane Acetaldehyde
Propylene Acetone
Ethylene Methylcyanide
Acetylene Acrylonitrile
Cyclopentadiene
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Fig. 3 Variations of CO, CO,, O, and N, with time.
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A Fire test was performed in which burned was a compartment in a reinforced con-
crete building equipped with average daily gadgets.

The analysis of the effluent gases sampled in the course of the fire showed that peaks
of CO, HCN and acrolein concentrations were in the early stage of the fire, while that of
HCl concentration in the later stage, that concentrations of HCN and acrolein were high
when CO,/CO ratio was below 10, and that CO and HCI occupied major part of toxicity
indexes.

It was also found that the estimated lethal effect of toxicants all together was higher
than that of either heat or oxygen deficiency during the major part the fire.
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