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Abstract - Explosion and fires can occur in all segments of chemical and petroleum
industries because of complexity of process, usage and storage of flammable and reactive
chemicals, and operating conditions of high pressure and temperatures. Especially chemical
plants have high possibility of the occurrence of BLEVE(Boiling Liquid Expanding Vapor
Explosion)and Fireball.

In this study, a computer program was developed for the effect assessment of BLEVE and
Fireball. BLEVE was analysed by three explosion models of physical explosion model,
isothermal expansion model and adiabatic expansion model and Fireball using solid model. The
parametric sensitivity analysis has been done for the models of BLEVE and Fireball. The
damage by BLEVE and Fireball of Benzene and Toluene and m-Xylene were estimated.
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Fig 10. The results of damage
estimation on the map.
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Table 1. Estimated explosion quantities
and overpressures

Explosion Quantity
Overpressure (psi)
(IbTNT)
Benzene ) Toluene ) m-Xylene | Benzene ) Toluene | m-Xylene
Physical
Explosion| 99.1 99.1 99.1 0.96 10 0.96
Model
Isothermal
Expansion| 786 843 90.3 09 09 09
Model
Adiabatic
Expansion| 2318 | 2694 | 3129 11 11 13
Model

Table 2. Comparison of the properties

of Fireball
Benzene | Toluene | m-Xylene
Flashing
Mass 981.8 11442 1319.0
(kg)
Maximum
Diameter 60.8 639 66.9
(m)
Fireball
Duration 49 51 53
(sec)
Fireball
Height 456 479 50.2
(m)
Thermal
Radiation 39 43 47
(kW/m®)
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Cp%, : mean heat capacity of ideal gas
Cpl, : mean heat capacity of liquid
D : sphere diameter (m)
Diyirey : fireball hemispheric diameter (m)
D, : maximum fireball diameter (m)
E : surface emitted flux (kW/m?)
f . flash fraction (dimensionless)
F . view factor between sphere and

target surface (dimensionless)
g. 322 (Ibm-ft/Ibf-sec®)

H, : heat of combustion (kJ/kg)

H® : standard enthalpy

Hi¢ : after flash liquid internal enthalpy
Hi; : initial liquid internal enthalpy

H®  : reduced enthalpy(])

Hy¢ : after flash vapor internal enthalpy
H,; : initial vapor internal enthalpy

I, . radiation received by a black body
target (kW/m?

I : shock wave for positive phase
(N-sec/m®)
Is : thermal radiation intensity (W/m?)

M

mp
M;

my¢

Poivi

Poivz

Tow

Lveball
Tphel
u

Uit
Uy
Uv,f

_35_

! mass of combustion material in BLEVE
(kg)

! mass of human body (kg)
! initial mass of flammable liquid

(kg)

: after flash liquid internal mass

* initial liquid internal mass

: after flash vapor internal mass

! initial vapor internal mass

* molecular ‘weight

: number of moles of vapor that flashes

(Ibmole)

. standard pressure (14.7 psia)

atmosphere pressure 1.013 x 10°

(N/m®)

. burst pressure of vessel (bar)
: initial pressure of the superheated

liquid (psia)

: final pressure of the superheated

liquid (psia)

: dynamic pressure
: after flash liquid internal pressure
: initial liquid internal pressure

initial pressure of the compressed gas
(psia)

: final pressure of the compressed

gas (psia)

: probit (dimensionless)

: reflected pressure (N/m?)

: maximum overpressure (N/m?%)

: after flash vapor internal pressure

: initial vapor internal pressure

: saturated vapor pressure of water

: gas constant (1.987 Btu/lbmole- °R)
: relative humidity

: duration of exposure (sec)

: burst temperature (K)
: standard temperature (492 °R)
. initial temperature of the superheated

liquid ( "R)
: fireball duration (sec)

! temperature of compressed gas ( ‘R)
. peak wind velocity behind the shock

front (particle velocity) (ft/sec)

. after flash liquid internal energy
! initial liquid internal energy
: after flash vapor internal energy
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Uy ¢ initial vapor internal energy (BLEVE)", 24th Annual Loss Prevention

vU : difference between initial and final Symposium. New Orleans, May (1990).
internal energy

A% : volume of compressed gas (ft®)

Vit ! after flash liquid internal volume

Vii ! initial liquid internal volume

Vi initial volume of compressed gas
()

V.¢ ! after flash vapor internal volume

Vvi ! initial vapor internal volume

W equivalent mass of TNT (lbm)
X : distance from sphere center to target
(m)

Greek Letters

£ radiation fraction, typically 0.25-0.40
Yy EL’ ratio of specific heats for air
v

(1.4, dimensionless)
p, : ambient air density ahead of the
shock wave (Ibm/ft®)
o ' density of air behind the shock front
(Ibn/ft’)

r . transmissivity (dimensionless)
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