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Experimental investigation into the cause of an explosion

in the flue duct of an oil-fuel boiler at a certain building

Kinichi Kinosaita - Michio Narto

Akira SucimoTo Kiyoshi Fukava

At about 10 p.m on 30th November 1976, an explosion occurred in the flue duct of an oil-fuel boiler
at a certain buiiding in Tokyo. The explosion was so intensive that the whole wall between the
duct and the rooms upward from the 4th to the top, 9th floor was demolished part by part. Of those:
who had been customers of stores in the complex building at the time, 25 suffered injuries from the:
scattered building materials. '

The structural shape of the flue duct section was quite unusual, as shown in Fig.1 and the main-
tenance of a combustion controller had been insufficient. Frequent back- or miss-fires had been also
experienced. From the survey in the disaster site,” we assumed that the unfired gaseous mixture,
resulted from the failure of ignition controll, had not exhausted smoothly to the outdoors and that
these mixtures stagnated in the high combustible conentrations. The combustible gaseous mixture
would be formed from decomposition of fuel oils in high temperature furnace with air. Also, the gas
flow would have been disturbed near many girders within the flue duct.

The aim of this investigation was to conﬁfm this:hypothesis and to discuss the possible cause of an
explosion with experimental results. The experiment‘s‘ 'Were carried out with use of two model ducts,
of which scale were 1/10 of the actual ones. One of models has a recommendable shape in the const-
ruction of the flue duct system and the other was relevant to the accident disaster. Instead of deter-
mining the concentration of the unfired decomposed gases, we measured opticaly the smoke concentration
from a smoke candle, which is ‘Widely used as a simulator of gas flow.

From the experimental results, we could verify the above hypothesis. Also, it was elucidable that
it would be possibly attained the lower explosible limit if the fuel gaseous mixtune flowed into flue
duct continuously and accidentally more than two times. Then, it would be not necessarily impossible
to have an explosion in the flue duct in the presence of suitable ignition sourses, like the flame

from successive trials of ignition in the boiler and the propagating flame.
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DEFE L UHESOfEIr. Table 1 © & 5 ifBR & i
OfCo
FRBEYRUAROESPCEEhIBE0OEE
THETLIDELT, BEAMBRCEL KnWE &, RE
LRI L OMAEREILBIBIRC B D D D & Hhise
E, AN RRELEZRT LS,

2) M oOMCHERRE ZARE ZOREOWE
R

Table 1 %% 4,0 % X OB mDE
1C\Ic(1)s a m 1/
1 0. 099 1.685 0.157
2 J—— — _—
" 3 0. 202 1.390 0.145
4 0.134 1. 409 0.135
5 0.129 1.279 0. 102
il 6 0. 244 0.791 0. 064
7 0.017 1.237 0. 034
Al g 0.119 0.725 0.320
9 0.019 1. 261 0. 042
10 0.015 1.325 0.045
1 0. 570 1.021 0. 238
o 2 0. 229 1.349 0. 200
pitl 3 0.261 1.327 0. 208
B 4 0. 340 1.038 0.147
5 0.116 1.517 0.192

EBREEOE TR L X 5 i 4RO/
AAFTBRO B HHMLE & 0EREY Fig.17,18:
it FRE Cds No. 1 0B AHIEERE (BEA D
BECREENEER S EATHWADTLEIED XS
B G E, TORURDEAERY L S) Th
L, 2 TOHEROBWAEFRE L TET L Licd
DThbo Mbiohn X5 Cds No. 7 P EDLE
TIXEAEOHENZEDBN, 2EEOKE A & D%
T, HAHEEL LR 5 T3, Fic Cds No.5,6 o
P e 2N IERME T ELWEN KT E bl 5
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b0 X o TS5 EDALE TRIAN ADWHENH - 7.

DTV EBP S,

BB OBECREHE S W ORISR E
7o, HHADEAD X S IiETH L 2 AIERL,
IR T ALK O BRI DWRZE O RNTIRITTE L& /Ml
ng?h'b Z kﬁ‘;%’)ﬁ‘éo
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KV EEOBREERORRIKRE

THBEEET 5,

DEDXDIEERC X - T, FAL4F5—Xkb t, B,
R Cro (ARLATENM D @ mol ) DRBN A DEH
AR U 3 BABAMAE R TANRD X 5 Ik
ERpofcdbDbEZBHE, WEMELLTWANE
DFKIBEY Cromex, FME ORE T5(405K), A
AT —HEKE ZENDRRT ADRE%R To(297K)
ETBEEE i1),i) BXoT

CfO't0=Cf3m&x%“ ﬁ“ at™e~Ydt  (18)

e BRI E LR B,

S CHES B TH D RE L OEURITEI A D
Cds No.1 oEHoEEREZAVT, ERBOLThE
Hwbd035, £ Cds No. 1 0H b fHFAL
BEAZIERUCH X bR LMz ith T ieled,
ERBEROBRC IEETHROZROMEIER L 2
KRN EBEEHRBE LT3 (Photo. 2 2R), o
% (18) ROFECIXZ OE LRI THELYTHY,
FIB®D Cds No. 1 O EREABHHEE L\ &F
ZTo LM URKEIRME L DRABENEEEZ DN
%o

(18) RFOEFHEERS;C X - CEHETS &,

Crsmax=0.553-Cq (19)
it ot

1.2 SHEHMEOEENORRARECHKRE

FEC X5 RENE TXHLACIEOREL) ©
BENDY, ERELZOF FEEHNOBREL TS
LIXTER, X o TUTFFRER X o THEE LicoER
BT THBES, ARG OIS TN ORAE
BINEEOE TN X 5 1ebinh B5A%, 5HLLE
Ciesd ERBETETL, ERREBERD, XoT5MH
DLoEECIIEEE L IBIE—HRREBECKS L&
DN, KRAFTACBCTHRABLASEI ET TS
DEFEEL, TDEE%Y Cds No.6 (4[LE) O
Fefrfi A b LI HEE LT AT,

Pu(7) & nE~NOMAREL L L, B 7 0BI¥C
FT L, nfEOBE Cm() X

O =Cramex [ $n(®) - on(t—)dr (20)

THEIND, kL
i) SHEAP BT i, A4 F—~DOESEIR
RS EET EL, Figel4d X b 18.6i/min (Hnsk

— 15 —

Table 2 Q,(Tn/To) -vo Dl

Qn ;:L Vo
4 g 2, 652 258. 3
5 & 2, 652 247.7
6 & 2, 652 242. 4
7 B 2,652 241.3
8 & 2,554 240.3
9 P 2,554 239. 4
R & 1, 697 233.2

H  v,=230cm3/sec, T,=297K
Fik#65) DfEix L bo Tn SEBREROMERLED,
EERNOZETRE vn(=Two/To) B IV nfms
TTHEE EREE OMOZOFOLFER TR Y S i B
OEE Qn % Table 2 Wind,

i) HEESHBU ROV b DL L, ¢s
1% Cds No. 6 DigE a5 %2, 6 EDWTik
¢n+1 () =Cfn(7) /Cfama.x (1)
ERWT, JEREECED - Tirb D & T 5%,
Lo TAT v FIEBE 0n() 135 L ETIIT A
PR EHIND SO LR TRERC L Y, —KFE
DHFHBAROME L THEBR,

On(t) =221 (1—e~vat/Qn) (22)
Un
TEIRBDT, (20) Rt
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(23)
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3.2 TR EBDTH Do £ LTA—F—2HENHE
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bk, X537z e I dNT, Rq
G = BEENRAC KRBT AL A v 3R E
NTOERLLD, TD XD BBEDRRT ADE:
B, EEEEEN LTI Tholcl EhDLIEFE
BRl} DR PRBERSEIL 30 73 & AT 20 ¥4 OEFKEIT
0.2411 ¢ 7c b, BEifOhE0.854 3% L EiE% 0. 205
kgt icho LT RILRAY ADERKEFI Cola
ETBHE1IL5TFYUYOERT 0.128kg TH %D THE
mEy 0.205/0.128=1.60 mol } 7t %,

— LRI 373m3/h ThH BN BB D
DWEIL 2.07m? Lin b, o TH—EH ANREGH
CHRECT 2 D EREL, B X - CE g
NOREEXT 3 BRERENERCDRIEDTUTES
LD EThiE, REBFTADEE Cr i 0.772 mol/m?
L7850 £ T Cramax (X 19 KX D 0.428 mol/m?
LB, ‘

—HRC KT, Bnh, Eihis K ORRSHHE O EE S
BESRTC, 0.8~5%,mol/m? tEi>wi¥ 0.35~2.2
mol/m® BE L IN TV BD Crmax L THRCIESR
ERILIDBETH B, COBRBTHERT ANEH
Lis o THEE B ith, BEXEh A ERREE 7T
Bl kBB —{b &b, Fig. 17 (EB) & Fig.19
BIEFR I UTHY 7.2 DFHBEORELMHITKZ 7o
BhiswiBbh, COFEERE»DbADE, 2H
B DR XA LT 5 e 0.210~0. 360mol/m3, 7
i3 0. 284~0. 315mol/m?, 9 fi i 0. 292~0. 318
mol/m? Lig i S CIRISEIRE LS, 6E T
OREI -THEBERETRAME E X TRELEL %
BETHDHOTMOSRMES 2 B L XERFHRTEYE
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BHETOZIEER Cro 1X-3—F D SKBERT & WK
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i, BEEAONAREREL BT CH D, ¥
ToR A4 7 —OHHERERDBFEEZ N EIX L4 L LT
B8, bokhEREEhE Bl 1.1~1.2)
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Mh2EEEh, RKATAOWENET BN, 20X
S HE OB RIEND s e & EAMER I h 5,
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