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Behaviour or two Rupture Disks when a Chamber Constituted
by them is Pressurized by a Gas and the Quick Releasing
Method o1 Explosion

by Heizaburo TSURUMI*

A single rupture disk has been ordinarily used as one of the safety devices for pressure vessels. But,
in this study, two rupture disks are fitted in series on a vessel as shown in Fig.2. A éhamber between
the two disks was filled with a pressurized gas which was air, nitrogen or helium. The sample rupture
disks were made of flat aluminum plate, and the operating rupture pressure of the disk was 3.78 kgf/
cm? The chamber gas was pressurized at the maximum 3.5 kgf/cm? The volume of chamber was 56. 65
X 1073 litre. The rupture pressure of the disks for the dynamic pressure were measured by the explosion
of premixed hydrogen-air gases for each charged gas.

The behaviour of the rupture disks connected with the charged gas are shown in Fig.3 and Fig.5
through 11. The relation between the rupture pressure, flame velocity and charged gas pressure (back
pressure) are given in Fig 8, when the flame velocity is less than approximately 100m/sec. In the case
of helium, even then the back pressure was 3 kgf/cm?, the rupture pressures were less than those of
charged nitrogen of the atmospheric pressure. It was shown that the back pressure depended on the
density of the charged gas.

As shown in paragraph 3.1 and 3.2, the rupture pressure of disks depends on the back pressure under
the conditions of the statical pressure and dynamic pressure. From the results, the author concludes that
a pair of two disks is useful as a safety device under some application conditions. If the charged pressure
is varied, a change of the rupture pressure of this system is possible, but the maximum charged pressure
of the chamber will not be beyond the operating rupture pressure of the disk.

As described in paragraph 3.3, before the explosion wave reaches in front of the upstream side disk
when an explosion occurs inside of the vessel, if the pressure of chamber is reduced quickly to the
atmosﬁheric pressure, the upstream side disk will break at the rupture pressure of the disk without
back pressure and the downstream side disk will break successively.

Photo. 8 shows an example of the operating ability of this system when the charged gas is air and the
back pressure is 3.5 kgf/cm?. _—

In order to apply of this quick releasing method of explosion, the condition of explosions velocity and

the exhaust times of back pressure were given as shown in Fig 13, Fig. 14 and Eqs. (3) to (6).

*  [fp2pfgeEk (Chemical Safety Research Division)



. FXAHE

BWIRDZLWEIR (Rupture Disk, RD) o fFEHBDH
B, AR, EEER BER £ 7 i EOHH
ThAERFBRGENC X > CHBETA C kT
Briedbh, BROTWEENHDLEE ~FARELHF
DIHSEHFOBERC ILHHEHLOX 145 793 l, L
» b HIEHAVIT, ERMCEREO BRI X
SIBRETEHEDOERNN DAY It KLEEL I
NTh, —iBCEfARE~D RD 0%, RD 1
Mot 2 X OB A cRBE & > T 523,
Tix RD 2MBAVTF » v A—%fEY, il K
WETHEN, TihhbbBFEY (P LLTK@HE TS +
VA-RARETAL, AR XV BREASZ TR
% RD OBERBEFHEXHHE L1,

CEfe, T TELRCEEYFIEUBROBBRBERIED
RIhE=F—TDEHT A~ —FEH LIV —%
BARL, BRrIAEHEIEBRHE EHEAD o
RD @+ 5L, TEXSBCRS EES, Wb
@AHEERERFREHAVA I LRI, X DEVWEHER
EEPS, = OHWE I\ TIL, Ps®=3.78 kgfjcm?) ¢
D RD ®#WHAIRHERERL, h b OBEEEE
MNEEHE LD eERZ IO EEPE LM LI,

ZOWETIE, hBEOMRFRICOVWTEHET S,
R, ZoOWMEOERLYT RD 0BREIKTERG

= >
— .

SENSER

FIBER OPTICS

BEERLWEFHESRE RIS-RR-32-6

HIFHOYE DR EE BRSO B 524 R, fide
RD OB OWTEEL DB EERLTED, T
TRABDHFILION CHREINTVWHDTZ hEBR
LTEE L, ’ '

2. BMEFE

ZORETIWITHEREREE, Figl D&k DV TH
D, B LRABERES (L) 3m OBREERYHAWT
 FO—¥RC RD #EUY M EREIT -1 BREREIO
BHEARA (FHRAD oWMEAS (AR 0.5m 1,
LR Y DB LI v I ARZAND EDTH B,
4 FROBRESRS B0 RD EEC 3 WEE
DRKEE, ENEOBREZD AT 2A—-2%551D
DLOTHDH, ENROKREEED € =2 —TIXFIER
OWTIE, =Y BREE 0.35PClpsi, ¢ 7) Kok
(&g 100mV/kgf/em?, @5) DT v A Yo —H—,
wEC WL, A4 vEREE FMEE 270V) %

S (R 49 A P

RD My 3 ED 7 &7 2 — DM oWTi3, Fig
20LBVTHY, Pp i bbb F4vi— (V)
DT, 56.65%107% ThH b, ZORETIL, 3kef/
cm? DHASKAECH L, KREE TO BE R O
BiEx, 17msec TF&, {HRHTBRFOFEREER
BaHERECANRTYE 30msec WATT I 7%,
RD 20 EAOFENY, RREMBT X - TILER

D 5

VESSEL

QUARTZ PRESS. TRANSDUCER |I
SOLENOID r:] -

VALVE

IGFILAMENT
EXPLOSION TUBE / "
ION-PROBE”‘B EféN-%%OBEW ]

]

SEMICONDUCTOR Pl
PRESS.TRANSDUCER ]!
L]
|

ION-PROBE
CIRCUIT

T'—J

DIGITAL MEMORY APP.

Fig.! Schematic diagram of experimental apparatus.

RBRREROBE



WA BT 55k — 3 —

( jf}
| 1
Y
N\\\ #70
f
d o
s =i
Q =&
z L - — E
oy - %O
| S e — I o
P I A = =322
n ™ S =g
- \ = SAMPLE RD oc =) 3=
o - - ro ' . T AT e > e @
S 8 > 2R 5O
o . Be O
X SN gN o
ot w| = 7 (Cj:g %
— ____:}:75 ¢___ g‘g% -
== —=®
= =
o 1
| $60 =
\\\\\\y $126.6 29 ]
— #60 \\\J =
|
5 $50 5
[ T
EXPLOSION
. TUBE
7 < |

Fig.2 Adapter for measuring of rupture pressure.
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Behaviour of two Rupture Disks when a Chamber Constituted by them is Pressu-
rized by a Gas and the Quick Releasing Method of Explosion
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The purpose of this study is to investigate the behaviours of two rupture disks
which constitute the walls of a chamber charged by a pressurized gas and to
develop a new quick releasing method of explosion. The samples are flatly shaped
aluminum disks, and air, nitrogen or helium is used as a charged gas chamber.

The dynamic rupture pressures of the disks were measured by the explosion of
premixed hydrogen-air gases for each charged gas.

The correlation between the behaviour of the rupture pressure and the back
pressure was obtained under the conditions of the statical pressure and dynamic
pressure. It was confirmed that the effect of the back pressure depended on the
density of charged gas.

From the results, the author has concluded that the method of using two disks
fixed as in this study will be useful as a safety device under a certain application
condition. (14 Figures, 8 Photographs, 21 References)
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