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Quenching behavior of a propagating flame in a duct with water sprays
by Masaaki YASHIMA**

Abstract: An experimental study on extinction limits of premixed flame has been performed in
order to develop a new explosion suppression system applied to gas and dust explosions. This kind of
study on explosion suppression system started from the later term of World Warll in the U.K. Since
then many practical studies have been conducted to suppress gas or dust explosions in coal mines
and chemical engineering plants. However, they have not been clarified how the propagating flame
in a duct is quenched by suppressant agents dynamically. Elucidating the quenching mechanisms by
suppressant agents is indispensable to make a suppression model and to develop the system.

The experiment was conducted in a vertical duct of 0.2mx0.2m cross section and 2m long, with
both-ends-opened, top-end-closed and bottom-end-opened. The behavior of the flame propagating
in the middle of the duct was observed through two glass plates of 0.38m long serving as duct walls.
Methane - air and LPgas(propane 98.1% vol.) - air premixed gas were used and water was used as
suppressant agent, which was harmless and could be obtained with ease. The results are as follows.
(1) It is found that the propagating flame is laminar state without water sprays, and when the

flame can not be quenched with the sprays, the flame front is disturbed and propagating velocity
increases.
(2) When the case of flame is quenched by the sprays, it does not extinguish instantaneously; it
takes some time to be extinguished.
(3) The optimizing conditions of the water sprays effect on the flame quenching, are examined in
various concentrations of the mixture. In case of both - ends - opened,
¢ =0.7; Dsyp =175 pm (Day = 92 pm); T;< 660 ms t (Vr= 3.7 m/s),
w= 108 mg/cm?s, Tp= 280 ms.
s Dsyp =293 pm (D gy = 172 pm); T;< 660 ms t (Vi< 3.7 m/s),
Guw = 144 mg/chS,Tpg 850 ms.
7 T; = 660 ms is the maximum value in the present condition.
¢ =1.0; Dsyp =215 pm (Day = 97 pm); T;< 260 ms (Vi< 2.9 m/s),
gw= 135 mg/cm?s, T 2 500 ms.
; Dsyp = 235 pm (D gy = 130 pm); T;< 210 ms (Vi< 2.4 m/s),
G = 144 mg/cmZS,Tpg 850 ms.

Where ¢ Equivalence ratio, T; Spray start time from ignition, V; Flame Propagating velocity,
Dgpp Sauter mean diameter, D4y Arithmetic mean diameter, g, Water flux of sprays (mean), Tp
Duration of sprays:
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Fig. 1  Experimental setup.
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Table 1  Experimental condition.
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Table 2 Characteristics of spray nozzles.
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Fig. 12 lllustration of quenching behavior of propagat-
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Movement of water droplets measured by PIV.
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Fig. 13 Relation between T; and Tp for flame quench-
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Fig. 14 Relation between T; and Tp for flame quenching.
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Fig. 15 Relation between T; and Tp for flame quenching.
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Fig. 18 Variation of G with Dgyrp for flame quenching.
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Fig. 19 Relation between T; and Tp for flame quenching.
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Fig. 20 Relation between T; and Tp for flame quenching.

HRICRITT T, & TpDBR (S5 nozzlex?2)

Fig. 20 {2, ZOFREDHRBRMIRTH S, 7,
CORAMBED» S5 bH 52 £id, Fig. 13(a) ITHNT
HREBEPIENZ ETH D, TS L TR, kR
A, ANVE) AT AEE D LEE LT OER»E
RT&Eb, Thbb, KREEZRN,LDKEFIZL-T
HIHRPERIN TS, T; = 0.33 2* 5 0.44s DEIH
T3, Tp#»*0.35s L5 <, RMITTHRPERINT
WBRZ bbb,

Fig. 213, 2D/ ANDFEEFRMFICOWT, B
WRE, y=13m ICBWTRKDLEERRGHGTH 5,
MY BARFEPEPLTHERET 50T, LD g,»°
KEL, BHD g, VN2 WSk LTwd, gD
it 221 mg/ecm?TH %,

CDEFEHIETIE, EFEHFMPKRROEREH AICIE
HANT, TIRAREZIZYE ST ICHAMIICTIER
BRDIREMENBHE/EI L, ZRETORRK
ROFLRAKRICZBICER T L HREZERT
EL00EEZbNE, BEEMEIC Y /KREFVDH 5D
T E KRPELT 2 2 &%,

46 HEFGEDERE

Table 3 (3, ELIHRFHEZEHELILDTH 5, {il
BEP & XN 2 0% ABNICHWBAE®R O, L
W HEF LI &I, EIXHES 3.8 m/s T TOH
BTHEHRVERTE S L bhol, EHERE
(3 0.85s LIEARETH B, LiFA—TFimBDE RS
BFizB T, KRHP/ XNVISETE, FRMRER
K ETHRPTBINRT\»,

HRIBFGEP b2 B L2, B LB LH
RVFERTERV, UL, KRRPBEFREICIIHEZ %

RESER RTTRATIEERYE  NIIS-RR-98 (1999)

0-5-' L LR L
S5 -85 O
P;=0.83MPa
y=1.3m O

TTTTTSTTYTT T T

INYERERSUETET)

0.4

T TTTT Iy

0.3F o

ay (g/cm2 s)

0.2F o =

= 000 g
"o © 3

Il' T
O

0.05.|.|.|.|.|.|.|.|.|.:
10 8 6 4 -2 0 2 4 6 8 10

X (cm)

Fig. 21 Distribution of water flux.
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Table 3 Flame quenching condition (S5 nozzle).
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sk | ANOME | BERER | IBE, Vol | ENES | Y —2 | Bk SHETER | EE L LW | KIEOTY | EERR
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2HV, EHIMBEETE A2 v —ERATRAKRICD
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