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Experimental Study on the Methods of Explosion
Venting (First Report)
—Application for a Certain Type of Commercial Box Dryer—

Noboru TAGuUcHI*™* Heizabro TuruMI*™
Toshihiro Hayasur** Hidenori MaTur**

When flammable gases, vapours or dusts are handled in enclosed equipments, it would be better to.
consider that potential hazards of explosion exist unless special cautions have been took for the concent-
rations of flammables or the ignition sources. Therefore, some methods, not only for explosion preven-
tion but also for explosion protection, are demanded for dangerous equipments to minimize the serious
damage of explosions, if they occurred unfortunately.

Venting explosion is one of the typical methods of protection and safety apparatus for this purpose
-are called “Explosion Reliefs”. They are classified into two types accordlng to the 1nterna1 pressure
of equipments to be used. Explosion reliefs for high pressures are known as Rupture 3i)lscs or Rupture
Diaphragms, being attached to, for example, reactor vessels of chemical plant ; but their responsibility
for rapid change of pressure, such as like explosion, are doubtful and further experiments must be per-
formed. Another type of exlosion reliefs is called “Explosion Door” and it may be useful only for the
internal press“ﬁre of near atmospheric. With this type, experimental data for practical use are very poor
and we can-see only a few cases of application. This report deals with the latter type of reliefs.

Experiments are carried out using a cubical steel vessel of 1m® internal capacity, whose upper side
is opened and flanges with various vent areas can be bolted to it. Flammables aré L.P.G. (consisted
ﬁainly of propane and butane), pure propane and methyl alcohol vapour. They are mixed with atmos-
pheric air respectively in the vessel, and having been made homogeneous by the use of rotary blower,
the mixture is ignited through a nichrome wire heater set in the center of cubical vessel. Vent covers
are vinyl sheet, craft paper and aluminium foil, each of their thickness being about 0.1 mm. Pressure-time
relations are recorded by the system ; straingauge transducer-dynamic strain amplifier-electro-magnetic
oscillograph.

Main results are as follows ; ——

(1) Vent ratio (ratio of vent area to volume of explosion vessel) and the ratio of vent area to cross

section area of the side wall, to which explosion reliefs are attached, are important factors for the
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effectiveness of explosmn reliefs.
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(2) When vent ratio becomes smaller than certain value," pressure-time curve shows two evident

peaks (p; and p,) and as the vent ratio decreases the ratio p,/p, increases.

(38) When 60 cm square vent area is attamable and if vent cover .is the one.that is easily broken by a

slight préssure increase, maximum explosmn pressure may be: depressed under 1 kg/cmz, and this value

has been evaluated as the limit strength of many of the practical equipments of light comstruction.

These results are directly applicated. for a commercial type of box dryer, and three tests using

propane-air mixture showed that the designed explosion relief of aluminjum foil type is effective under

experimental conditions.

The records of high speed photography show that the expelled unburned

substances explode contihuously just outside of the relief and the flame reaches as so'far as 4 meters.

-1t is then concluded that safeguard for external explosion and the selection of setting site of equip-

ments must be carefully dealt with.
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Fig. 2 An example of A-type dryer explosions
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Table 2 Peak pressures and rates of pressure rise.(for L.P.G.)
BADOEKETETZBREN L FELE (L.P.G.)
Vent area| Vent cover |Latticed flange b1 7 b1/71 Pa Ty Bofty | | Pit+ba
- kg/cm?/ kg/cm?/ | 51/p, ,
cm? material used or mnot kg/em? | sec . sec| kg/em? ! sec sec kg/cm?
vinyl o
60X 60 sheet not used 0.7 |10.23| 3.04 0.9 |0.30| 3.00 |0.78 1.6
" " used- 0.8 [0.17) 4.70 0.9 |[0.27| 3.33 |0.89 1.7
" ahlﬁ%gfun“ not used 0.8 |0.15| 5.30 | 0.8 |0.25| 3.20 |1.00| 1.6
" " used 0.7 {0.16| 4.38 0.7 {0.28| 2.50 [1.00 1.4
' vinyl
5050 sheet not used 0.9 [0.19| 4.73 0.8 |0.30| 2.67 |[1.12 1. 7
n " used 1.1 (021 523 0.8 |0.32} 2.50 [1.38|" 1.9
p aluminium not used | 1.0 |0.15] 6.68 | 0.8 |0.28| 2.8 |1.25| 1.8
/i " used 1.0 | 0.21 | 4.76 0.8 |0.33}| 2.43 |1.25] . 1.8
Table 3 Peak pressures‘ and rates of pressure rise (for methanol vapour)
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Concn.|Vent | Vent cover | Latticed flange b1 7 bl b2 Ty | DalTs | | BitBa
area | ' kg/cm?/ kg/em?/{-py/hs
vol. 9| cm? material used or not | kg/cm?| sec sec| kg/cm? | sec sec kg/cm?
120580x80,  Vinvl not used — | =] = 0.8 [0.40] 200 | — | —
13%| # o " — | = - 0.9 |0.49| 1.84 | — | —
1494 n flit P — | =] = 1.0 |0.47| 2,13 | — | —
8.59%(50 %50 " used 0.9 [0.15| 6.00 0.8 [0.31] 2.58 |1.12 1.7
alminium » :
10.59| # e 1 L1 |0.18] 611 | 0.7 |0.20| 241 |1.57] 1.8
1191 n " not used 0.9 |0.17 | 5.30 0.8 [0.28| 2.8 |1.12 1.7
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Fig. 12 Various phases of pressure-time records
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Table 4 Result of experiments with A-type dryer
g BT 5 ERER ‘
Concentration |Maximum explosion| Time to attain Mean rate of Maxir;n(ti%_sstrign A
of L.P.G. pressure maximum explosion| pressure  rise :
“vol. % in air kg/cm? pressure sec. | kg/cm?/sec + —
4.5 0.7 0.51 1.38 140 100
4.8 0.7 - 0.43 1.63 126 95
5.0 0.9 0.40 2.25 85 65
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Fig. 13 Application of explosion relief for
A-type dryer
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Fig. 14 Front view of A-type dryer
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Fig. 15 Sequence of high speed photographs showing the progress  (10)
of A-type dryer explosion (Interval between successive

photographs 50millisec.)
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E};perlmental Study on the Methods of E\plosmn Ventxng (Fxrst Renort)

—Application for a Certain Type of Commercial Box Dryer—
N.TAGUCHI, H. TURUMI, T.HAYASHI and H. MATUI
Research Report of the Research Instltute of Industrial Safety
RIIS-RR~19~1, 1~14(1970)

Venting explosion is one of the effective methods for the protection of equipments
used in hazardous processes dealing with flammable gases, vapours and dusts. To
obtain useful data for the design of explosion reliefs, experiments are carried out
using a cubical vessel (1 m?® inner capacity), in which explosive mixture of L.P.G.,
propane or methanol vapour with air is ignited at the center. The change of
explosion pressure with time is recorded, and the effects of vent cover material
and vent area are estimated. Then, certain type of explosion releief is designed
for a commercial type of box dryer, and its effectiveness is tested through experi-
ments.

(4 Tables, 15 Figures, 21 References)

O



