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Interruption of Explosions by Flame Arresters (3 rd Report)

——Quenching of Acetylene-Air Detonations——

by Toshihiro Hayashi*

‘ The fact that flames are unable to pass through narrow passages has been known as quenching
phenomena. This principle is applicable for the direct quenching of detonation flames, using a quen-
éhing element with a large number of passages of small diameter, The assumption can be made that
the QUenching of detonation flame is composed of two processes ; the first is the decaying of detonation
wave, which separates shock wave from a flame front, and the second process is a quenching of sepa-
rated deflagration flame. Thus the quenching element should have an adequate thickness or passage
diameter in order to perform above two roles, Commercial metal filters can be used as quenching ele-
ments of detonation arresters,

This report describes about quenching abilities of sintered wire gauze and sintered metal against
detonation flames propagating in stationary acetylene-air mixtures (initial pressure up to 2kg/cm?(g),
acetylene content 4~15%). Experiments are carried out in a 1-inch enclosed tube, in which quenching
element is inserted with a supporting perforated plate behind. Velocities of flame propagation are
measured before and after the quenching element, and also an observation is made by an aid of thermo-
couple whether flame passed through the element or not.

Main results are as follows ;

1) It is found most difficult to quench flames of near-stoichiometric mixture of higher initial pressure.
Detonation velocity is considered to have no substantial effect on flame transmission, because the
maximum velocity is observed at 15%, which is far from the stoichimetric value.

2) Assuming that the quenching ability of wire gauze is evaluated by the Limiting Safe Pressure (L.
S.P.), which is defined arbitrarily as a maximum pressure under which no flame pass through
quenching element, L.S.P. can be related to the quantity of gauzes. But the relation between L.
S.P. and flow resistance of gauze is not fully clarified. .

3) Even when gauzes failed to quench flames, detonation wave is always decayed. An average flame
velocity (v) after gauzes shows a large decrease from the detonation velocity. The velocity v is
found to decrease as the initial gas pressure decreases. At the limiting pressure of flame trans-
mission, v seems to reach a constant value independent of acetylene content and the quantity of
gauzes. This makes it possible to predict L.S.P. from the relation between v and initial pressures.
For various conditions, predicted L.S.P. show good agreement with those determined expé‘rimentally.

* {L3isiss Chemical Engineering Research Division
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Specifications of quenching elements
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Table 2 Effect of abnormal detonation on
flame transmission (for lean gas
mixtures)

BT 5 EBRAER VT 5 T H AN

C,H, |Quantity |Initial Detonation Flame
% | of gauzes pressure| velocity m
5.4 3 0.1kg/cm? | 1612m/s |Quenched
0.5 1694 Passed
3 Not
0.4 detonated Quenched
5.1 —400mmHg| 1555 Quenched
2 —450 1841 Passed
—500 Not - Quenched
detonated|
— 50 1900 Passed
3 y Not
is —100 detonated Quenched
’ —100 1282 Passed
2 Not
—150 detonated Quenched
0.4 kg/cm? | 1909 Passed
3 Not
0.3 detonated Quenched
0.3 1363 Passed
4.3 2 Not
0.2 detonated Quenched
0.5 2029 Passed
1 Not
0.4 detonated Quenched
' Not
; 40 1,2and 3| 2.0 detonated @uenched
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Table 3 Average flame velocity - between

points F and H, showing the decay-
ing of detonation wave through
wire gauzes even when flame
passed

Bk LIz & O&MRTH o K &aHE
HEE (BT 5 Eohli & =346

fe . Detonation |Average fla-

Cg/Hz p?(lalstslﬁie Quaor;tlty velocgcy me velo():ity
% 2 (E—G) (F—H

kg/cm?| gauzes D, mfs oy m/s

5.1 0.5 2 1621 369
6.0 0.8 3 1704 352
8.0 2.0 5 1877 484
9.0 0.7 3 1884 524
10.9 1.3 4 1931 326
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Table 4 Comparison of predicted Limiting Safe
Pressures to those determined experi-
mentally

IEG KB D FERUME & FBIE O Hoi

Quantity C,H, L.8.P. kg/cm? or mmHg
of
Gauzes % Experimental | Predicted
10.4 —500 —430
1 Not ignited
14.0 at 2400 —500
7-9 —400 —500
9.0 —550 ~—520
2 12.3 —350 —320
13.2 —300 ~—280
13.4 —150 —150
14.9 —100 — 50
7.0 0.1 — 50
7.9 0.7 0.80
9.0 0.1 0.13
3 9.8 0.2 0
10.4 0.3 0.34
11.0 0.5 0. 46
11.8 0.6 0.52
8.0 0.8 0.90
4 9.0 0.9 0.94
_10. 0 1.0 1.16

Notes 1. Thesevalues of L.S.P. not always cor-
respond to minimum L.S.P. in Fig. 4,
because each value of this table is
merely one of the repeated tests under
same gas concentration.

2.  An assumption is made that flame is
able to pass through queuching gauzes
onyl when its -average velocity after
gauzes is higher than 60 m/sec in the
apparatus in Fig. 2.
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Interruption of Explosions by Flame Arresters (3 rd Report)

——Quenching of Acetylene-Air Detonations—

by T. Bayashi

Research Report of the Research Institute of Industrial Safety RIIS-RR-23-5,
1~9 (1975)

Flame quenching abilities of sintered wire gauze and sintered metal were studied
for acetylene-air detonation flames under inital pressures up to 2kg/cm? (G) in
1-inch tube. It was found most difficult to quench flames of stoichiometric mixture
with higher initial pressure. Detonation velocity had no effect on flame transmi-
ssion. The measurement of average flame velocity after gauzes, when flame
passed, proved that the velocities were nearly constant at the limiting pressure
of flame transmission, being independent of either gas concentration or quantity
of gauzes.

(4 tables, 6 figures, 7 references)
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