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T

design.

he design of explosion isolation barriers is an important part of ascribing overall plant
explosion protection. From a detailed understanding of the course of flame propa-
gation into a pipeline or duct, algorithms are derived that establish the basis for barrier
It is shown that barrier efficacy is critically dependent on both the selected hardware

and the assumptions regarding explosion intensity and ignition location. It is shown that the
selection of both flame and pressure detection in OR logic results in an ability to ascribe
shorter barrier distances than is the case with a single detection method. The implicit residual
risk (limitation of efficacy) of explosion isolation barrier designs can thus be assessed.
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duct protection.

INTRODUCTION

Industrial plants involve multiple interconnected pieces of
equipment, such as spray driers, cyclones, bag filters, grin-
ders and so on. Explosion isolation is an important part of
the design of any overall industrial process plant explosion
protection system. Explosion isolation barriers include trig-
gered suppressant barriers and triggered high-speed gate
valves installed on the interconnecting ducts between pro-
cess plant components. The design purpose of an explosion
isolation barrier is to prevent, or at least to minimize, the
possibility that an explosion starting in one piece of equip-
ment propagates along the duct network to adjoining items
of the plant (Steen, 2000; Eckhoff, 1991; Bartknecht, 1981,
1987). Clearly, it is essential that the barrier, either suppres-
sant or gate valve, be established before the flame has
passed the barrier location on the duct. The actual siting
of the barrier along the duct depends critically on an under-
standing of the factors affecting the speed of flame propa-
gation into and along ducts.

Early literature in this area concentrated on the study of
the propagation of explosions of interest to the mining
industry, e.g.. coal dust and methane gas (Bartknecht,
1971, 1974; Bartknecht and Scholl, 1967; Lieberman
et al., 1975, 1979; Pineau and Ronchail, 1987). It is only
in the last 10 years or so that a significant corpus of litera-
ture has been built up on the propagation of flames along
ducts or interconnected process equipment such as con-
veyors or elevator legs where explosible fuels of industrial
relevance are present. Lunn and co-workers (1996) at HSL
undertook an extensive test programme that quantified the
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course of industrial explosions between interconnected
vessels. This work culminated in definitive guidance on
the pressure development in the primary and secondary
(connected) vessels, although no results were reported on
the flame propagation down the interconnected duct
(Holbrow et al., 1996). Crowhurst (1989) also studied
pressures developed as dust explosions propagate through
ducts. Degeest (1992) presented results on flame accelera-
tion in elongated vessels and pipes. Chatrathi and Going
(1996, 2001), Chatrathi (2000) and have published results
on gases and metal dust explosion propagation in pipes
(Going and Snoeys, 2002; Krone and Going, 2001). One
of the most recent and comprehensive studies of explosion
propagation between interconnected vessels is that under-
taken by the Forschungsgesellschaft fiir angewandte Sys-
temsicherheit und Arbeitsmedizin (FSA) at their test site
in Kappelrodeck (Roser, 1999; Roser er al., 1999). These
researchers report results using several different vessel
and duct sizes with both propane and maize starch fuels.
However, apart from one general paper (Siwek and
Moore, 1997) there is no detailed guidance established in
the literature as to how this body of experimental data
could be used as a basis for the design, especially the
placement, of explosion isolation barriers.

BASIC PRINCIPLES

The design of explosion isolation systems requires a fun-
damental understanding of the time course of the pertinent
events. These principles are described below. They have
been engrossed by the authors into a modelling tool,
SmartIS™™, for the design of explosion isolation barriers.
Successful operation of the barrier, which can be either a
fast-acting valve or a suppressant barrier, requires that the
barrier be established to block progress of the flame
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Figure 1. Schematic of an isolation system.

before the flame arrives at the position of the barrier.
Mathematically, we can express this as follows:

L+t <te+1tgms (1)

where 7, is the time from ignition at which the explosion is
detected, 1. the time (also from ignition) at which flame
enters the duct, 17, the time taken for the given barrier to
be established once the explosion has been detected by
the detector, and 1y the time taken for the flame to travel
the distance ¢ down the duct to the position of the barrier
(see Figure 1).

Clearly, 1, is a known parameter, since it depends only
on the specific barrier hardware chosen and on the duct
diameter. For fast-acting valves, 1, is the experimentally
determined time taken for the valve to close and, in general,
the larger the diameter of the duct, the longer this time will
be. For suppressant barriers, f, is the time taken for the dis-
charged suppressant cloud to traverse the width of the duct
and to establish an extinguishing concentration sufficient to
prevent flame propagation. Again, this is an experimentally
determined parameter and, in general, the larger the diam-
eter of the duct, the longer this time will be. Other relevant
factors that affect the suppressant barrier establishment
time, f,, are the orifice diameter of the suppressor, the pro-
pelling agent pressure, and the mode of mounting of the
suppressor on the duct. Use of hoses or elbows results in
increased f,. Note that in applications where an intercon-
nected vessel is designed for explosion containment or
explosion venting, the suppressant barrier needs to be sus-
tained for the duration of the explosion event.

The detection time, r,, is dependent on the type of
explosion detection device used. Pressure detectors
(threshold or rate-of-rise) are usually mounted' on the pro-
tected vessel, whereas flame detectors are typically
mounted on the duct, close to the junction with the
source vessel. For pressure detectors, the detection time 1,
depends on the source vessel volume and shape, the intrin-
sic explosibility parameters of the fuel, the actual fuel con-
centration in the vessel and its distribution, and the initial
conditions of temperature and pressure, oxygen concen-
tration, and turbulence prevailing in the vessel. For optical
flame detectors, detection takes place when the flame enters
the duct and comes into the field of view of the flame
sensor. This time, 7., depends on the same set of parameters
as for 7, but, in addition, is also dependent on the ignition
location relative to the duct mouth and any process fluid
flow. Both of these times can be calculated using standard

"The installation of a pressure detector on, or in the vicinity of a duct, is
not advised because the detector response will be adversely affected by
the pressure losses down the interconnected duct. This pressure loss will
result in delayed detection of the explosion.

models of explosion development (Nagy and Verakis.
1983: Nagy et al., 1971: Bradley and Mitcheson, 1976;
Nomura and Tanaka, 1980; Ogle et al., 1984).

The flame propagation time, #y depends on the duct size,
barrier location, the process fluid flow, and the flame
velocities in the duct. Thus, a modelling tool to determine a
safe location for an isolation barrier has to calculate the
value of the distance d, such that equation (1) is just satisfied.
This value is then the minimum barrer distance, d,;,.

Siwek and Moore (1997) defined the instantaneous vel-
ocity of the flame front, vy, as the sum of three component
velocities:

U = Ugir + Up + vpm/s ()

® 0, is the bulk air velocity existing prior to the start of the
explosion. Note that this can be positive (flow away from
the vessel) or negative (flow into the vessel) depending
on the precise nature of the process under consideration.
Obviously, the latter will hinder flame propagation away
from the vessel. However, it is likely that, at some point,
the developing explosion pressure in the vessel will over-
come this process air flow. Thus, on conservative
grounds, it is better to ascribe an inflow as v, =0,
rather than as a negative value.

® v, is the instantaneous pressure piling component of vel-
ocity due to the increasing pressure in the source vessel
from the developing explosion.

e u; is the instantaneous flame speed component ie., the
movement of the flame through the (moving) air and its
acceleration due to turbulence and flame stretch in the duct.

CALCULATION OF 1,

The increase in pressure with time arising from the
developing explosion in the source vessel can be modelled
using standard mathematical treatments (Nagy and Verakis,
1985: Nagy et al., 1971; Bradley and Mitcheson, 1976;
Nomura and Tanaka, 1980: Ogle et al., 1984) with input
of appropriate parameters such as the vessel volume, V.,
the ambient temperature and pressure, and the fuel burning
velocity. This latter parameter is generally derived from the
measured fuel explosibility rate constant, Kr,m.2 If the
source vessel is vented, or protected by an explosion sup-
pression system, the explosion development is assumed to
occur up until the point at which the appropriate reduced
(suppressed or vented) explosion pressure, P4, is reached,
after which point no further increase in pressure is assumed
to take place. In reality, the pressure will start to fall after
P..q 1s reached, but on conservative grounds this is ignored.
If the source vessel is closed (contained explosion con-
dition), then the explosion is assumed to continue until
the maximum explosion pressure, P, is reached. Once
the flame front reaches the duct entrance, the pressure
piling component of velocity can be calculated by an
equation of the form:

b
m/s 3)

tp=a|—————
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“Kmax is the measured maximum rate of pressure rise, normalized to a
y 3

volume of V=1m".
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