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Report of Fire Research Institute of Japan No.49(1980)

The Evaluation of An Estimation Method of
Smoke Arrival Time in Building Fires

Kohyu Satoh

(Received October 24, 1979)

An Estimation method of smoke arrival time was proposed by Yamada, and except this
system there is no computer-assisted evacuation guidance system on Japanese market, Of
course such a system cannot always estimate the smoke arrival time accurately. As a first
step of developing better systems, a simulation related to smoke spreading in building fires
has been conducted using this estimation method. The experimental results shows that one
of the best way to use this system might be to find out areas where a rapid evacuation might
be demanded in a firing building due to dense smoke.

1. Introduction

If an information about fire smoke spread at a given time could be obtained when a build-
ing was on fire, it would be useful to decide effective measures for evacuation of occupants
from the building. However it is very difficult and perhaps impossible to estimate fire smoke
spread accurately. Recently, Yamada prposed a method which can roughly estimate the fire
smoke arrival time in a firing building, in Real Time, but didn’t make public its details and
a report on the experimental evaluation of the system!). Considering the potentiality of
computer-assisted systems, there might be demand of these systems including software in near
future. To fill up a gap between fire protection engineering and system engineering, the simula-
tion has been conducted using a microcomputer by making a run of the program based on
Yamada’s proposal.

2. Estimation Method of Smoke Arrival Time

Yamada proposed that smoke-polluted section would be derived on the basis of response of
smoke detectors and the section could be momentarily adjusted from smoke-developing speed.
The smoke-polluted section can be displayed in the form of map on Cathode Ray Tube (CRT),
and a distribution of the estimated time to smoke arrival after the first smoke detection or from
present time point can be also displayed on CRT. At the time of first response of a smoke
detector at a certain position in the building, the nature of the fire smoke spread can not be
estimated because of diversified fire behavior and ventilation systems, and only an a-priori value
of smoke-developinng speed is given. Hereafter, the section where the occupants in the building
cannot pass through smoke is called a Polluted position (P.P.). If a position is clear but at least
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one of the neighboring position(s) has already been polluted by smoke, the clock located at
that position starts to count time. This kind of position is called a Time Counted Position
(C.P.). This clock will continue to count time until the position is polluted by fire smoke, and
it will stop at that time. After that time the position belongs to the P.P. category and the
clock will begin to count down. The reason for this decrement will be outlined below. The
counted time varies with the reciprocal of smoke developing speed near the position concerned.
However the smoke developing speed at a C.P. cannot be obtained unless the fire smoke arrives
there and the clock stops to count time. Therefore the adopted smoke speed at a C.P. should be
equal to that at an adjoining PP.; namely the Estimated Smoke Arrival Time at a C.P. = Counted
Time at an adjoining P.P.. If a C.P. is adjacent to more than one P.O., the maximum of the
speeds at the neighborhood of P.P.’s; namely the minimum of the counted time should be
selected. If fire smoke does not arrive at a C.P. even after several time increments have passed,
the estimated smoke arrival time at a C.P. will decrease, while the clock at the C.P. contimues
to count up. Because the time of fire smoke arrival at the position is imminent. Therefore the

counted time at a P.P. should decrease in-

Classification
Start

crementally. The position where smoke
does not exist and which is not adjacent

to any P.P.s is called an Unpolluted Posi- @ A
tion (U.P.). At this position the smoke
arrival time is estimated by going back to

the positions where the smaoke arrival
times are already known. These proce-
dures are shown in Figs. 1-4. The first
stage of the procedure is the classification
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Fig. 1 Flow-chart to calculate Estimated Time

of Smoke Arrival. dT means a time interval. Fig. 2 Classification of positions in a building.



of the positions, i.e. in which category the position is included at the present cycle as shown in
Fig. 2. The criteria of classification are based on whether the position has already been polluted
by smoke or whether the position was polluted by the former cycle or whether there is a pol-
luted position adjacent to it at this time or whether there has been a polluted position adjacent
to it at some time since the beginning of the firebreak. After passing through these mesh strain-
ers the positions are distributed into 6 different kinds. According to this classification the
clocks at each position will operate as shown in Fig. 3. From the counted time obtained, the
estimated time of smoke arrival will be obtained as shown in Fig. 4. These procedures will be
repeated every dT second.

Time Count

Start
I atPP. ETSA =0

Newly Counted Position X=0
at C.P. E.T.S.A.=min (Xj)
Continually Counted Position X = X+dX (j; adjacent to P.P.)
at UP. E.T.S.A.=min (E.T.S.Aj)+ DX
0Old Polluted Position X = X-dX (j; adjacent to U.P.)
|
New P.P. adjacent to old P.P. X=X End
New P.P. Isolated X=C
E.T.S.A.; Estimated Time of Smoke Arrival
Unpolluted Position k¥ PP Polluted Position
UP; Unpolluted Position
End CP.; Counted Position
DX; constant
Fig. 3 Time Counting. dX is usually 1 second. Fig. 4 Calculation of Estimated Time of Smoke Arrival

3. Evaluation

The evaluation was conducted using a microcomputer system and a simple model (5.5 X
3.5 m; floor height of 60 c¢m). Instead of fire detectors, a number of miniature smoke density
meters were installed beneath the ceiling, and the threshold extinction coefficient was set at the
value of 0.1 m™ to 0.22 m™. Smoke was generated by putting wood into a furnace. The
estimation subroutime of the program started to run in the computer when the smoke was
introduced into the room through a hole on the floor. When the quantity of flowing smoke was
constant or increasing gently, the smoke had arrived at about the same time as the estimated
value shown in Table 1. Table 1-1 shows the times occupied really by the smoke arrived at each
position. Table 1-2 to 1-4 shows the estimated times which will be left before fire smoke
arrives at each position. Therefore the estimated time of smoke arrival after the first fire detec-
tion can be obtained by adding the time elapsed to it. The situations in Table 1 were observed
when the smoke temperature was low and the developing speed was also low. On the contrary
when the quantity of the smoke increased abruptly, the smoke arrived faster than the estimated
time. However as the estimation was renewed continuously, the difference reduced every
moment even though the estimated values at the former cycles differed from the real one. This
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is shown in Table 2. Therefore this method does not produce so much poor results in this case.

Table 1

(1-1)
0 sec

(1-2)

25 sec

(1-3)

75 sec

1-4)

200 sec

The really elapsed time on smoke arrival (1-1)
and estimated times at each position at 25
seconds (1-2), at 75 seconds (1-3) and 200
seconds (1-4) in the case when the smoke
temperature was low and the developing
speed was also low. * means that the remark-
able smoke was not observed at 200 seconds
after the start. The threshold extinction coef-
ficient was 0.1 (1/m). DX = 30 sec.

* * * * * * * * *

* ¥ %200 150 175 150 75 100

* %200 100 75 SO0 SO 25 25

* 200 125 100 75 S0 50 25 50
265 235 205 175 145 115 85 55 35§
235 205 175 145 115 85 55 25 5
205 175 145 115 85 55 25 O O
185 155 125 85 65 35 S5 O S
175 145 115 85 55 30 30 25 30
145 115 8 55 25 6 0 O O
115 8 55 25 0 O O O O
11 8 55 25 0 0 0 O O
145 115 85 55 25 50 20 O O
1351105 7§ 06 0 O©0 O O O
105 75 0 0 0 O O O O
80 0 O O 0 0 0 0 0O

Table 2

The really elapsed time on smoke arrival (2-1)
and estimated times at each position at 20
seconds (2-2), at 35 seconds (2-3) and at 50
seconds (2-4) when the quantity of the smoke
increased abruptly. The threshold extinction
coefficient was 0.12 (1/m). DX = 15 sec.

(-1
Osec 45 55 50 40 35 40 70 65 85
20 50 70 55 65 65 80 75 145
25 45 60 40 80 50 55 60 95
30 40 40 45 25 40 35 55 65

(2-2)
20sec 10 25 40 55 70 85 100 115 130
0 10 25 40 S5 70 85 100 115
10 25 40 55 70 85 100 115 130
25 40 35 70 85 100 115 130 140

(2-3)
35 sec 0 15 25 10 0 10 25 40 S5
0 0 15 15 10 25 25 40 55
6 0 15 15 0 1s 10 25 40
0 0 15 0 0 0 0 10 25

2-4)
50 sec 6 15 60 o0 0 0 o0 15 30
0 0 1s o0 0 0 15 30 45
0 0 0 o0 0 0 0 15 30
6 0 0 0 o0 0 0 0 15

The case which produces poor results was that when a new fire broke out at a separate

location from the original position, for example an air conditioning outlet began to emit smoke.

In this case most positions changed into the section where occupants in the building cannot
pass through except for a few exception. This is shown in Table 3. This situation would be very
possible in a real building fire. Therefore the system should be designed so that the occupants in
the building can be evacuated safely, even if such a situation occurs.

Thus this method might be useful depending upon the operating method. However there
might well be rooms for further improvements.



Table 3 The really elapsed time on smoke arrival (3-1)

and estimated times at each position at 35
seconds (3-2), at 60 seconds (3-3) and 90
seconds (34) in the case where a new fire
broke out at a separate location from the
original position. The threshold extinction
coefficient was 0.22 (1/m). DX = 15 sec.

3-1) (3-3)
Osec 140 170 170 150 140 125 125 70 70 60sec 40 25 30
95 80 170 70 55 110 110 45 55 25 10 15
70 60 80 140 60 40 35 165 110 10 0 O
160 100 135 120 60 55 130 145 100 25 10 25

(3-2) 34
35sec 115 100 85 70 55 40 25 40 55 90sec 15 0 15
100 85 70 55 40 25 10 25 40 0 0 O
8 70 55 40 25 10 0 10 25 6 0 ©
100 85 70 55 40 25 10 25 40 0 0 ©

4. Supplement

This work was supported by special research expense of F.R.I., given for studies on evacua-
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tion and rapid rescue techniques in high-ries buildings, during the period from 1976 to 1978.

Reference

1) Y. Yamada: Electrical Engineering Magazine “OHM?” (in Japanese) p. 57, December, 1975.
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EBOFEREREECELTH Y, WEITHEXE
B, WAEMBIUCERLTILTSH D4, FRICEIT
HICEEE - TRFET S,

nh, KOERBE*ERTHICHh72), KROK
RINE %A~k Thbb, REROKDERIGEREIZ,
KYBIENKE E BIRDEFE TEL L W RBL L DS

E1) BRCRAMEETHEBICHEL 2 LDAKE B
NT0LY, BREEHETICHEL 2 DL RREBLTE
D, MEORXIZZ-E ) LzLnTizhn,®

E2) WD B8

E3) [

iz, TZTE—H—HTKEHE) S, K
MEOLKRRE 2RAL, ZEMEAEBHTHE 15
%, BIUBRHEL*ENLLHOTROERLHEL,
BELICKDMEE kD21, RRFEZFPNI2EEH
EL C20RMBICLBEREL 2,

1.2 mm dia hole ’(— 604’1
. (W H
L)

10 win dia stainless steel pipe o

v

20 mm dia brass pipe

Fig. 1 Nozzle used in this experiment.
For 32X21—4X8 type crib



3. EEBRER

3.1 HABRBCEKBRYE
TH KB Ne & i KERR ¢ DREICIE, RROBAIC Y
AMOBHEH L FRZ, (1R TELTEnTED
RELBRORITEZ Ehbh o,
Ne= K.t"
I TKBEKRFEOEYH, nlIEBTH S,
L, BAEP2ZEZ4» b (1) ROBEL 757
WZHCE, Fig2 CfRT 5 & 91, EAE NS
CEFH(PIICIRIMADREIL (ke B &, 20BEZ T
DT 7T DEERDLTFES DL L) LW A S
MESHD Z &, HFEKRENKE VER(PL)ICIE, &
MENS, TNLUBO 7S T7TOERB L Y5 KB
My a@END 52 EHBHLN, ZOBHIZAD
sk EZLNS,

ey

R > P2>P3
No R P R

10

L1 4 3101l L1 1111

0. 10

10
t (minutes)
Fig. 2 Number of the extinguished charcoal layers

Ne show different {trends depending on the
water application rate P.

B, HKEHIVNE GBI AICEHER2ZET S
&, KERIZIZ 7 ) TERBO KRS ICEME D Bek L
T %, 02, FHLIBIOEE L D EFRICE X
VEKEF DU TEAEAPREFB EALNL, —
B, TSV B2 EEh, ERAKROFL
WEEIE 2T DIEHELRL 252K EDBNENZ
L, BUHCECEKRDOHELEE SV Hm TS L5

’

H4) XEY BRE

EL) Ih%, BRNEBLAVKEEMTIHICERTES
—HOKEGEREBTEHH LS LY, FEIFERORRK
Th, MIL Twvionmid e kzRINL ZvwBE (BL,
—ERELIDD X BEIIRKT ), B UKKRORE R
EBRREREI NS EES» SKERABRE IV EE L
T b,

HHRTHENT 2P 2L TEEAOBABZITHN —EN
EEHIRDGEEICET 20 HIBBEEET S, D
R, EAREIKRE VA, EAWHIC, FEINS
SN LEADPBLRNAT » THXEEHNT S 45
nas, 22 TFig2n—EnHlMtz2RTEHEORD
FHEEL Tn, Kc 3L OB Lol kB 123K,
fho M EFflE & #iz Table 1 |2RL 72,

Table 1 i kB to & K AEOEKFE & DR %K
HEIZD, MEDOMEZ 7o FLTFg3nl Bk
Ul # 272,

te(minutes )

prrad L1

0.2 - L1l
o1 05 ] 5
P(l/min)
1. Extinction time te vs water application rate P.
10
s
Ke [T
=
o L1 1 a gl 1
1
P(!/min)
Fig. 3 II. K¢ vs water application rate P.
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Table 1

Results of the extinction tests of the charcoal crib fire.

32 X 21 -4 X 8 typecrib

o Mo® Mc® P@min) j/s) 12@/s) 1,@/) lemin) ' mn) n K
0.791 2302 481 0.292 2.85 0.82 2.64 6.00 7.60 0.84 1.48
0.790 2522 530 0.302 2.53 1.18 2.49 5.18 6.08 1.12 1.06
0.790 2202 462 0.385 4.17 1.06 2.40 3.83 395 1.61 0.876
0.790 2232 469 0.566 7.30 0.98 2.56 2.40 2.90 0.67 4.00
0.791 2452 512 0.566 6.61 1.18 2.49 2.71 143 2.00
0.812 2142 403 0.940 13.0 1.18 2.78 1.75 0.86 5.00
0.787 2352 501 1.51 22.0 1.39 2.69 1.08 1.02 0.67 7.85
0.788 2087 442 2.21 33.1 1.89 2.65 0.72 1.02 11.5
0.790 2342 492 2.22 32.8 1.72 2.66 0.87 0.98 9.05
0.785 2522 542 2.25 334 0.70 2.69 0.87 0.61 8.70
0.789 2262 477 2.25 32.5 1.13 2.56 1.08 0.74 104
Average )
0.791 2311 483 1.20 2.60 0.96
Fig.3 » o BlEM e st 82 & KECBBRLTO2BFTHE, BRENEVEY 2
to=1.64P70:939 {2) iz, TOEBARMPBEELXLLIIHAT
K.=4.38p10? (3) BLLBEFHNZS5THB,

PELNE, (1)RXDEAEEIZ(3)K L Tablel o)
n DFEEEL L (4R RDLT I EDTE D,
Ne=4.38p1.094096 (4)
Table 1 5 & ' Fig.3-11 %A% & nd K HICIZHH%
TELDEDHDLZ EN b LA, ZOHHIIDWTIZ
BT B L9012, KEOHEIZ L 2KOBRIEDE D

3.2 EABOKXKOBRIE

HABEHBIUHEABEEZEZET2ONHEESR
ELT, K/, HEEREUREE CHHEIEORKRKEDKD
RN % Sl HE L, Table2 o L5 R
B 272,

Table 2 Absorption of the water by the charcoal pieces
H:20 absorbed (g H20/ g charcoal)
Charcoal weight Volume Specific density in boiling water, after left at room
temperature, after
®) (mgQ) (g/mQ) 1 min 30 min 20 hr
cracked pieces
1.9845 - - 3.17 5.26 5.76
0.6165 — - 2.70 4.54 5.03
0.5135 - — 4.53 7.28 8.31
0.3865 - - 3.17 6.05 7.05
Average 3.39 5.78 6.54
Pieces cut off in square shape
0.2365 2.72 0.087 3.99 8.88 9.77
0.2075 2.07 0.100 6.91 7.85 8.45
4. EZ
4.1 HABMOERYEL G Ta s,
(2)R BPOEES— 1120 T, kX (2)TL = 1.64P71 =1640P7! (min) (29
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(2) ROKRTIEEN D & EHL . 643 XIS LEL Ka
(L), 2% Talbel nRAFEFA83 £ IEMH A S ®

WCRBEELEKEEEZDZIENTESL, 204
EEZ DL, (2) RIEBARRNKDRED & &L
BICHBETEZITH D,

Talbe2 242 &, KEFIZE > THEOHEND
22 bbb d, BLTEENEEVEREHINK
HAbDdLITHDE, TTICRNED IBEEEHT
THEERY L, RREBENH45%(0.458H20/mbchar)
FCHRAT 2 L FIL, HRHEIEORitth 513 k=%
DECEHFZFLVWI E2RRTHED, EBENIT- 72
EB T, Talbe2 (AL 200, RN TR
H B, KEOWER L BBBEIC L » T—ETE <,
FRAZH » TRAMED L K T - 72 L DT, 0.85gH2
O/m char f & TR LB Kk B & T120.34gH2 0/ml

char(3.4gH20/8char) L TH % L MIEI Nz, 22T

Talbe 1 HAKK 7 ) 7483gi3 KRR L BB L E
wWTdE
483X 3.39=1637(8) =1.64( ¢ )
DRFBRT 22 E10% 5, Zhd s i
te=1.64P7!
PE»PNE, BEORLL—EIIRE LBERIEH
HLHAKERD LKD B EENFEE, KORIED &
KROZEBNFHEIC L 2 HEIR(ELEZZEIR B,
R & 2 FEHS I L BB, BEEFECBY
T3, koERIC ;é%ﬁ%&*$@ﬁ&&.ﬁk¢
DRRDFEFRIC Iémkzﬁmzmﬁdtwv_ﬂm
BREH > u VHERNICERT 220EE2ZLN15,
4.2 ﬁkﬁﬁwﬂmM%ﬁ
EBREFELTLIHEICHL, RKROBEMY, KHE
FKEVHOHELER L 2T, BHROICHELZET IS
LEFTOTCHFEETLILERALD,
FTROBREEE S,
1) RILZ ) 7TOWEKFOBBEEE (2, K7
TOBERE, BMERBICHBITE LTS,
T No

T R IREARERORIEEETH L. ZHRIE

FE6) LICEEF(WMAKREES &, 0.9gH20/mbcharkl 2%
LKEic ke,

ET7) KM 7OBBICIZ 0T LR TESY

E8) blIARMNEE, HAHBFOMBEEErJIZITHL
Mo, RILZ U 7OBE It L b 30T, T
LT,

7 ) TERENo BRI E CEEBRATELEA T,

2) Talbel 224, FEAFOEZHMEE I (8/min)
2K 2 ) 7TOBEY LR

I =ap-b

O CT4 B Erilhns, 2% (g/s), P(L
/min) TEbHTE [=156P 1.8 t%3, 2=
TP OEBIC DV TIRBIEERY T8¢, ZTHUIP(L
/min) % | OBATTH B g/s 12 BT 2 551000760
=16.7THB I L3TE LA VLW Z L TZnE
B bt b=1.85X60=111(g/min) 2K Y, Fizr
=1.2X60=72(g/min) % HTHEEPEWL DD bE 2
DT, EHREEFNT FHVLP

3) BikTBH(4)RXb 5, HABRENeEIR &
LT

Ne=4.38P¢
HERT 5,

BTULDEEN LT, 70V 70EE % H, HXHE
WOEE 2 A, KEL1gHHEATLIEITICLELTS
KOE % pl0(8H20/8char) r < &, 7 ) 7B
BELYOMBEEEIL e /HELBDT(5)RAHY
LD,

(p—eﬁh:pﬁo(%$~gﬁ dh (5)
BL, eldknEREE
Mcli AL 7 ) 7O EKEEROEETH S,
ZZTeldtOBETH Iy, LOZENRELER
PEEERI =P —(rcte) bbb, e=p(l—a)+b—
i+t S Mhn g, 1222 Lad kM2 ) TOBE
[El8k, Kc=oP" TERINBEHKTHY), Z2TI3 «
=4.38, m=1Th2,
5) R&Et=0~t, h=0~HiZ
LrrRXmnkyizi 3,

Mc—rete [n (080 —1) l
———— =exp| ——LC -7

DWTHS L BT

M
¢ t——ap-{- b—re

HANHRKIL P (8/min) A Eiay R & v T2y
[t
Mc—rite re (,oHZO 1)
e e

e

—ap+b—re

ELN, IhEEELT



~ Mc,oé’;{20
ap— b+ ¢

2953, 22Ta=15.6/16.7=1, »OREICLN P
BEgkEvoT(6)REBHRIZLS,

Mcpd™®

P

(6)R13 Talbe L DEBEERZ B (L T 5,080
IFEBINTRD BT T VA, H AL BRE ORI,
FEIC L LT, KRICE HKRDBINEIZHC HF]E N
52 %ML T3,

4.3 HREX

()R HHEAEEBRVENT W)X EEER S,

Ne=4.38P +=4.38X 1073 pi (4)

e = (b)

5.

KRR KKDE XD, KEDKDBIEICKEENT
WLRIZEEFEEP L UMEBHERICL > THRWEL 2,
BLICERHYETTLL L LIE AR

HABEHEOEZ FEHV5 &, BT, —K
DORICEYRIBLL 5 2kBTEKRKEBZBRLTL LN
BRI L(TIDLEFICFTETE S,

1000
Ne=—1000P2

T 483
—=%3.39
8

=4.89Pt {7)

FIRERIH s 5RO 72 (R84 893 EHEHKIC £ 54.38
LIZIT—EHT 5, v b L RRERAKDE KD, K
IRRBICHAI SN TV B2 bbb,

o0 WL —EBEE I3 % 53T, ARE
KBTS o8 =3.4 L v ) BEIRHACLEFS LK
B LTRLLHBTHS,

te = Mcof?® p!
EL B RBEE, EBROBRL—HICLIENST
&7z,

Nomenclature
Ne : number of the extinguished layers H : height of the crib layers
Ny : number of the crib layers h : height of the extinguished layers
t : water application time (min) I : rate of mass increase (g/min)
te . time required for the extinction (min) My : initial crib mass (g)
te' : corrected extinction time (See Fig. 2) M. : mass of the charcoal left at the beginning
(min) o of the water application (g)
p . water application rate (2/min) p.? mass of the wate.r absorbed by th‘e
D :  water application rate (g/min) cha.r coa.l at the time the glowing is
: ) extinguished (g H, O/g char)
e : evaporation rate of the water (g/min) P mass loss ratio (= MQMMQ)
r . burning rate at the beginning of water K¢ constant = K¢(P) °
application (g/min) m "
re : burning rate while extinguishing n "
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Extinction of the Charcoal Fire

(Abstract)

Satoshi Takahashi
(Received November 19, 1979)

It is of increasing interests to investigate on the extinction of the charcoal fire, because
more quantitative and logical informations has been becoming obtainable on the wood fire these
years.

In this research, the glowing charcoal was obtained by leaving the Japanese cedar crib
burning until about 80% of the weight lost, through this process the flaming subside and the
crib shaped glowing charcoal is formed.

The water was applied dripping on the top of the charcoal crib without swaying from the
rake-like nozzle, then the water flows down keeping a certain equilibrium among the absorption
and the evaporation.

With this method, very clear relationship was also found on the extinguished number of the
layers Ve just like the case of the wood crib fire as follows,

Ne = oP™y1

where @, m, n are constants, P is the water application rate and ¢ is the time of the water
application and m, n was found very close to 1.0.

The extinction time 7, was also visually measured and was found almost proportional to
—1 power of the water application rate P as,

tQZWP_l

where the analysis of the dimension of w suggests that it must be the water required for the
extinction of the charcoal residue and because it is a constant, it must be the water absorbed
in the residual charcoal-layers.

From the above idea, the quantity of the water absorbed by the charcoal specimen was
measured as a function of time, the results show that the!absorbed'water'per'gram of charcoal
plzzo after the rough standard extinction time (one minute) in this experiment is close to 3.4
{g H,0/ g charcoal).

By multiplying the pl}o to the residual charcoal amount M., we obtain the necessary
water for the extinction as M p‘220, which was strictly coincided with the value w obtained
from the extinction experiment.

The above facts imply that the extinction of the charcoal fire is strongly governed by



absorption, and very little by the other factors.

Simple theoretical model was constructed including the burning rate and the evaporation
rate. The solution of the equation yields the extinction time as,

,,,Mc pHZO

le= £

which is very clearly explaining the experimental results.
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CO and CO: Generations under Various
Burning Conditions

(Abstract)

Tokio Morikawa

(Received December 13, 1979)

Combustion experiments of three liquid fuels were carried out in a horizontal tube furnace
under the conditions of different furnace temperatures and air flow rates. The three liquid
fuels, n-hexane, benzene, and ethanol were chosen because they were similar in structure to
major thermal degradation products of polyethylene, polystyrene and cellulose respectively.
The generation of CO per mass of fuel was the largest when the ratio of air flow rate to
stoichiometric air flow rate ¢ was about 0.25, while the generation of CO, per mass of fuel
increased with increasing air flow rate until it levelled off at around stoichiometric air flow rate.
Conversion ratio of C in fuel to CO, to CO,, and to CO + CO, were found to significantly vary
over the range, 0 < ¢ < 1.0.'The maximum CO generation from either n-hexane or benzene per
mass of fuel was larger than that from ethanol, although the maximum CO generation per
carbon atom of fuel was larger with the burning of ethanol than the other fuels. This indicates
that more CO will be generated per mass of fuel from polyethylene or polystyrene than from
cellulose under the optimum condition for CO generation.
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Table 2 Concentrations of various combustion products during Ex. No. 1

Sampling time (min.}
Compound: Unit Remarks

3-4 6-7 9-10 12-13 | 15-16 ! 18-19 | 21-22 | 24-25 | 27-28 | 30-31 | 33-34

Carbon dioxide % 16.4 18.3 18.1 18.1 18.8 19.5 19.6 18.9 17.0 11.5 9.6 IR
Carbon monoxide " 33 46 $.5 5.9 44 25 1.3 0.5 0.6 0.2 0.8 "
Hydrogen cyanide{ PPM 60 130 125 100 60 35 - - - - - "
Methane % 1.0 1.4 1.7 1.7 1.3 0.7 0.3 0.1 0.1 - - »
Ethylene " 0.37 045 0.48 .42 0.32 0.17 0.07 0.01 - - - "
Acetylene ” 0.18 0.18 0.19 0.17 0.12 017 0.03 0.01 - - - -
Ethane PPM 190 336 417 319 209 122 37 5 4 2 - GC
Propylene " 399 390 432 292 175 95 24 2 2 - -

Propane "
Methyl acetylene { I Pt ) e )t )|t )|t Rt Y|t ) - - “
Methyl alcohol PPM 34 80 101 137 62 80 48 10 9 1 - -
Acetaldehyde " 50 162 193 98 67 36 11 5 3 1 2 "
Butene, Butane B 10 20 21 s 9.5 6 2 * * - - "
Acetonitrile " 36 94 100 68 23 12 4 1 - - - "
Acrolein, Furan " 25 36 43 28 13 8 2 1 - - - "
Aceton “ 22 40 63 47 22 16 2 - - - - "
Acrylonitrile “ 183 221 186 88 28 20 2 1 1 - - "
Cyclopentadiene { Y[t )y It )|t y [t Yt } - - - - - "
Methyl furan PPM 20 39 41 16 s 2 - - - - - "
Benzent “ 462 652 640 569 3 L1196 70 22 19 2 4 "
Toluene " 29 66 73 53 3s o2 9 4 - - - “

1
* Trace. - Undetected, ¢ j Not determined.

Table 3 Concentrations of various combustion products during Ex. No, 2

Sampling time {min.}
Compound: Unit Remarks

3-4 6-7 9-10 § 12-13 | 15-16 | 18-19 | 21-22 | 24-25 | 27-28 | 30-31 | 33-34

Carbon dioxide % 13.7 18.3 18.5 18.4 18.7 19.5 20.1 202 13.9 1.1 IR
Carbon monoxide " 0.4 4.9 5.0 $.2 4.5 3.0 0.8 0.3 0.1 0.5 "
Hydrogen cyanide| PPM - - - - - - - - - - "
Methane % - 1.4 1.6 14 1.2 0.7 0.1 . - - "
Ethylene " - 0.42 0.44 0.30 0.23 0.14 0.01 - - - "
Acetylene " - 0.16 0.18 0.13 0.08 0.06 0.01 - - - "
Ethane PPM - 313 350 229 224 9s 14 1 - - GC
Propylene - 3 301 317 180 145 7 7 - - - "
Propane "
Methyl acetylene - ¢ Yyl )t )|t Y[t ) |t ) - - -

Methy! alcohol PPM 20 70 148 150 129 85 71 52 18 10 "
Acetaldehyde “ 4.7 189 153 71 42 22 6 2 - - "
Butene, Butane " - 12 13 7 8 4 * - — ~ “
Acetonitrile “ - 22 21 19 20 ' 15 9 1 - - "
Acrolein, Furan " - 59 57 26 11 4 1 - - - -
Aceton “ - 43 42 3t 22 12 3 ’ 1 - - "
Acrylonitrile " - 19 23 13 12 8 1 - - -

Cyclopentadiene - { )t ) )¢ ) 1t | IRt ) - - - - "
Methyl furan PPM - 18 21 13 9 2 - - -

Benzene " 2 399 388 320 288 154 46 10 2 2 "
Toluene " 5 40 49 36 37 23 13 9 4 2 »

* Trace, - Undetected, ( } Not determined.
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Fire Behaviour and Combustion Products
in Full Scale Room Fire Test

(Abstract)

Naoshi Saito and Eiji Yanai
(Received December 15, 1979)

Full scale room fire tests have been carried out for the purpose of obtaining the data on
toxic gases evolved from burning wood and other polymeric materials. Their fire behaviours
show good reproducibility. Twenty one combustion products including carbon monoxide, alde-
hydes and cyanides are identified and 18 products of them are analysed quantitatively. Cabon
monoxide is considered to be the most dangerous product because of its high concentration
formed during fire situations. The maximum concentrations of aldehydes and cyanides formed
from synthetic polymers containing nitrogen atoms are obtained several minutes after a period
showing the small rate of complete combustion and large weight loss rate. The cyanides are
found to be formed more efficiently from synthetic polymers than from wool.
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