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Abstract : The purpose of this study is to study the safety of a small LPG storage tank with a capacity less than 3 ton when it is exposed
to an external fire. First, simulation studies were carried out using ASPEN Plus and PHAST to demonstrate that overpressurization in the
tank can be relieved by discharging the LPG through an adequately sized safety valve, but the release may lead to the secondary risk of
fire and explosion around the tank. Next, the temporal variations of the temperatures of the lading and tank wall were obtained using
AFFTAC, which showed that the tank wall adjacent to the vapor space could be overheated in about 11 min to such a point that the
weakened strength might cause a rupture of the tank and subsequent BLEVE. The consequences of the BLEVE were estimated using
PHAST. Finally, several practical measures for preventing the hazards of overheating were suggested, including an anti-explosion
device, sprinkling system, insulation, heat-proof coating, and enhanced safety factor for tank fabrication. The effectiveness of these
measures were examined by simulations using AFFTAC and ASPEN Plus.
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Fig. 1. Small LPG storage tanks,

Table 2. Specification of LPG storage tank

Design | Design PSV set | Calculation
Material | pressure temp. Material | pressure thickness

(MPa) (0) (MPa) (mm)
C3-LPG 1.80 55 SPPV355 1.80 10.95
C4-LPG 0.66 55 SPPV490 0.66 3.42
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Table 3. Thermal conductivity and environment factor
unit(k) : keal/hr - m? - C/mm @370°C

Material i i
. fena Cglplum Mineral Glass fiber Perlite
Variable silicate fiber
k 101.7 139.7 80.6 109.1
F 0.15 0.21 0.12 0.16
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Table 4. Required capacity of safety valve

Factor _ _
Firefighting F=10 F=015
No firefighting 5,915 kg/hr 887 kg/hr
With firefighting 3,588 kg/hr 538 kg/hr

asbn] A9} Bede] Mol mE &g
Aejgat 22:gto] oF 10849 Rolzt Wtk 2, LPG
AR A BA7E T A5 10 mm A
Bt HHE AgYa] O AU 5 )
L 28pusL AAEo] oM skt Be)
MAEA ke 9ol s BN AL gt o)
F3tolw el 45e ok 5 Utk

LPG Ag=ie] AAstofo sh ehilun AL

Bas
Seluse] WA oR Uehfid, o] WAL UASE
A A9 ok Aow Tt

A=—200V 2 5)

o17)1A, 4 : st eeuA HAm)
oAl ¥iE AS LK)

K, oA
K, A9EAGAT()

OPA QI 47 Alutel 2ol el Tt Sefulse)
WAz of weh AT EEEE himbe] 1AL
Table 50 UFERQITE Table 62 25k obdwin
F4 Wz oouad WA @ YA 52 uwe)
34 A4 2 448 ehuch oemso) wA
%, olune] =7)b A AshdE 47 4

BeA AF 5ol uleh A AolE HYS & 4

ik

Table 5. Orifice Type of safety valve

Factor _ _
Firefighting F=1 F=015
No firefighting 290 mm’ G 43 mm’
With firefighting 176 mm’ F 26 mm’ D

Table 6. Specification of safety valve

Orifice Area Diameter Pipe ID Rated
(mm”) (mm) (mm) (kg/hr)

D 71 9.5 525 1,398

E 125 12.6 525 2,462

F 198 15.9 525 3,900
G 325 20.3 62.7 6,401

B 7L 2" LPG AR A ol SRzt
A ) B3 U] oF g 8l 2ot Hol= 54 7
& ASPEN Pluss ©]-8-50] mARSHoirt. Qhimin =
218004 e eelus GE ARSI, 80%2}
20%= Z4zF S 7 N A SRl 30 59k
7L dofutes AR 7Pgsiglct

Journal of the KOSCS, Vol. 30, No. 4, 2015



SRS A| LPG

AHKFYA| QAo

P(bar)
600 2 60
5500f : —
sl AF SSE [
Eeid 0 7o)
3| %
=
E 2 P(bar)
3. s Vent flow(kg/hr)
= i o
2 o SHr % g‘
S c
L
1500}
oo 10 30
S00f
ot g
o 2 4 s & w . w w ® 1w a 2 a x a
Time(min)
(1) 80% Fillage
P(bar)
oy 2 @
0 e
sa) 2t sSE |MeTempC
Edo O T(C)
3| | ¥
£
E 2 P(bar)
3 £
= | o
- B = =N
§= | | 5
> T
0
19 0F 30
b Vent flow(kg/hr)
s 2 4 6 8 0 ? " 1% 8 2 2 2 k- 8 b
Time(min)

(3) 20% Fillage
Fig. 2. Dynamic simulation results(F=1.0, Orifice G).
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Table 7. PHAST Analysis for orifice G

Direction Vertical(m) Horizontal(m)
Vertical 10.0 1.0
Horizontal 1.0 14.0
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Table 8. PHAST Analysis for orifice D

Direction Vertical(m) Horizontal(m)

Vertical 5.0 1.0

Horizontal 1.0 9.5
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