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SUMMARY

Equations developed previously, which related the maximum pressure in a

vented dust explosion to -the properties of the dust and the geometry of the

explosion vessel, have been checked against further experimental data, and

their theoretical basis has been extended. The following industrial plant

systems were conSidered: vent duct ing , a cyclone, and relatively large vessels

with small vents. Attention was also paid to maximum rates of pressure rise

in closed vessels of different volumes.

The application of the equations to the plant systems was generally adequate

and gave further insight into the processes involved in vented dust explosions.

There is still a serious shortage of experimental data for dust explosion

venting, requiring the continued use of unconfirmed basic assumptions.
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INTRODUCTION

Explosion protection of industrial plant handling explosible dusts is often

obtained by means of relief venting. The function of the venting is to reduce

the explosion pressure within the plant from the maximum obtainable in a closed

vessel, commonly about 700 kN/m2 (100 Ib/in2), to a level that the plant can

withstand without mechanical damage. For plant of sheet metal construction the

maximum pressure permissible is often about 15 kN/m2 (2 Ib/in2) although higher

pressures may be acceptable in plant which is constructed more strongly, often

for other reasons. The dependance of the maximum pressure upon the size of vents,

the volume of the plant, and the explosibility parameters of the dust were

discussed in a previous note 1 in which it was made clear that the available data

was insufficient for adequate generalisations to be made with confidence and also

that the theoretical background to the problem had been given insufficient

attention. Some further experimental data has now come to hand and is· considered

in this note, from the viewpoint of checking earlier ideas against additional

facts.

In the previous note some reported observations of the properties of dust

explosions were listed and, from these, some assumptions were made concerning

the processes involved in the venting of explosions. Equations were then

derived relating the explosion pressure to the vent ratio (area of vent,Arolume

of vessel) and the maximum explosion pressure and the maximum rate of pressure

rise of the dust in a standard apparatus. The most important assumption was

that at some instant in a severe explosion the combustion could be taking place

throughout the whole volume of the vessel. The severe conditions of explosion

would be of most interest in practice, to t he design engineer, but modified

calculations could be made for less severe conditions. Only unrestricted vents

were considered.

Two equations were derived, dealing with relatively low and high pressure

systems. The former case is of interest to much dust handling plant, fo~ which

the design explosion pressures should not exceed 15 kN/m2 (2 Ib/in2), and for

which conditions the combustion products can be treated approximately as a



where

non-compressible fluid. The low pressures imply that the venting is generous

and that hot combustion products will be flowing through the vent at the time

the pressure reaches a maximum. The following equation was derived
2

10-3 (
V (£E) ~(p-po) (= 3 A (dt) ) •••••( 1 )

Pmax
( max

A is area of relief vent

p is maximum pressure in vented explosion

Po is atmospheric pressure

Pmax is maximum pressure in the closed standard explosion vessel

(dp/dt) max is maximum rate of the pressure rise in the closed standard

explosion vessel

V is volume of vessel

and where

ViA is measured in feet and all pressures are absolute and measured in

Ib/in2
•

When the vents were small so that the explosion pressures were above critical,

the gases flowed through the vent at sonic velocity. This high pressure venting

arrangement is of practical interest where plant is of inherently strong con­

struction, although not able to withstand the full explosion pressure in a

completely enclosed vessel. The gases flowing through the vent at the instant

of obtaining maximum explosion pressure were again assumed to be hot combustion

products and the following equation was derived

1
(p-p0)

1
+ •••••(2)

where K is constant

~c is density of unburnt dust suspension at pressure Po and of

combustion products at pressure PI (pressure in closed

standard explosion vessel when rate of pressure rise was a

maximum) •

All pressures were again absolute and all quantities were measured in

consistent fps units. Because of approximation in its derivation equation 2 was

considered to be most reliable at high explosion pressures, say 350 kN/m
2

(50 Ib/in2),
and above, and less accurate for pressures of 200 kN/m

2

(30 Ib/in2) down to 'the critical pressure of 83 kN/m2 (12 Ib/in2)gauge.
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Equations 1 and 2 are considered in this report in terms of data on

explosion pressures in ducting attached to relief vents, explosions in a

cyclone plant, and results of tests in large compact vessels. The extent to

which'equations 1 and 2 can be used for practical situations is further assessed

in the light of the information now available.

EXPERIMENTAL SYSTEMS

Vent ducting

As explained previously1, even if ducting were filled with a turbulent

dust suspension, ignition from a single point within the duct is unlikely'to

lead to flame propagation along the whole length sufficiently rapidly for the

assumption to be valid that combustion is taking place simultaneously through­

out the volume. The assumption of simultaneous burning would represent the most

severe conditions, yielding the highest explosion pressure, and if only part of

the volume were involved at any given instant the explosion pressure within the

ducting would be reduced.

However, one situation in which simultaneous burning could occur in

practice is that where the combustion of a dust suspension in a vessel is

vented through ducting to a safe discharge point. An explosion in the vessel

could, if the volume is substantially greater than that of the ducting, generate

sufficient burning suspension to fill the ducting. The contents of the ducting

would be flowing rapidly, with intense turbulence, and the most severe conditions

for, explosion in the ducting are likely to be approached, if not met.

As the suspension in the ducting is undergoing mass flow, there will be

some increase in pressure due to pipe friction and this will also 'cause the

pressure in the attached vessel to be higher. If the vessel is initially

closed from the ducting by a bursting panel, its pressure may be increased

further, even though the panel may burst at a relatively low pressure. Equaticn

1 was derived on the basis of the pressure drop 'across the vent, not on

friction losses along the length of the ducting. In ,the present Note the

pressure differential along the duct ing , due to the mass flow, has been

disregarded. This is a simplifying assumption which should be relatively

less serious as the length of ducting is increased, the situation of major

practical interest, because in equation 1 the pressure drop across the vent

due to the combustion within the ducting would increase with the square, of the

length. The consequences of the approximation ,are discussed again below.

Information is now available from two experimental investigations during

which ducting was attached to a vent on a relatively large vessel, in which

cork dust explosions were generated, and where maximUm explosion pressures

were reported. The first investigation involved explosions-in a dust handling
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plant, which incorporated a cyclone, and details are available elsewhere.

The ducting was attached to a vent on the top of the cyclone, and was varied

in length between 0.86 m (2.8 ft) and 4.5 m (14.8 ft). A 45
0

long sweep elbow

was included in some'of the arrangements. The actual lengths of duct have been

used in calculations, rather than values based on equivalent lengths from pipe

friction data. The internal diameter of the ducting was 41 em (16 in), and its

area of cross section was approximately equal to that of the vent. ExPlosion

pressures were measured in the ducting, part way along its length, and in the

cyclone. For immediate purposes the pressures measured in the former position

have been taken. The cyclone vent was initially closed by a panel which burst

at 4 kN/m
2 (0.6 . Ib/in2) , but the outlet from the ducting to atmosphere was ~lways

,
open. The relevant explosion parameters of the cork dust were the same as

previously1, namely:

Pmax = 704 kN/m
2 (102 lb/in2) absolute

Cdp/dt) = 20 000 kN/m 2 s (2900 Ib/in2 s )
max

In app Lyi.ng equation (1) to ducting the value of ViA is that of L, the

length, and is measured in feet. The experimental results are shown inFig.1,

where the observed pressures to the power one half are plotted against the

ducting length.

In the second investigation3 ducting of diameter 25 em (10 in) was attached

to an explosion vessel, of volume 1.4 m3 (50 ft 3) . The vent to which the

ducting was attached was also 25 em (10 in) in diameter and was open. Cork dust

was used at a concentration of 0 0 4 gil (0.4 oz/ft3), which was found to give

the most violent explosions, under the conditions of test. The explosion

parameters given above for cork dust have been taken for purposes of calculation~.

In the tests the explosion pressure was measured in the vessel, and direct values

are not available for pressure in the ducting, but a value was quoted for the

explosion pressure in the vessel with no ducting,attached. From analogous

experiments with ducting attached to a cyclone 2, in which pressures were

measured in both, it was seen that the total pressure in the cyclone was the

sum of the pressure differentials across the vent (i.e. between cyclone and

ducting) and between the ducting and atmosphere (Fig.2). The pressure in the

ducting can thus be derived from the total pressure in the cyclone, minus the

pressure in the cyclone with no ducting attached. The pressure in ,the attached

ducting described in ref.3 has been taken as the measured pressure in the

explosion vessel minus that obtained with the explosion vessel alone. The

results are plotted in Fig.1.

-- 4 -



A line showing the values obtained from equation 1, using the explosion

parameters for cork dust given above, is included in Fig.1. The results show

an approximate proportionality between (p - p )0.5 and L , as would be expected
o

from equation 1, although the pressures are generally higher than those calculated

from the equation. The increased pressures could be due, at least partly, to the

approximation involved in neglecting pipe friction in the ducting, rarticularly

wi th the lower values of L. However, it is shown that the maxi'mum explosion

pressures developed in the ducting can be calculated approximately from

knowledge of parameters obtained in the routine small scale tests and. from the

geometry of the duct i.ng ,

Several considerations of practical interest arise from the app Li.catri.o n of

equation 1 to vent duct i ng , As the maximum pressure in the duct i ng ins,x'eases

with the square of the length, the use of long lengths becomes Lmpr-actLcabLe

because the pressure in the vessel being vented becomes excessive. For example,

with a dust having the explosion parameters of co rk , the addition of' i a 10 ft

length of ducting to a vent would in0rease the pressure in the ves3el by about

Ib/in2 , whereas a 20 ft length would increase the pressure by about 4 Ib/in
2

•

As many vessels can only withstand a pressure of 2 lb/in
2

without damage,

and there will be some pressure differential across the vent,. a: pr-actLcabLe

length for vent ducting would not greo.tly exceed 10 feet. It i.a of intereet

that this conclusion has already been az-r-i.ved at in practice, largely ''uy z-ul o

of thumb. If a dust that was more vigo.rously explosible than ,:;o:r,j{we£'e

concerned, then f::r the same maximum p:ress~..:i.re in a vented expl.osion, the

length of vent ducting would need to be reduced inversely with ('lp/o:t)
.' . max.

subject to a minor adjustment because p in equation 1 would probably be
max

slightly higher. The explosions in both vented vessels were not of maxi.mum

severity, because the pressures were r-eLat i, vely low for the vent ~-,a";io provl-:led,

but in the vent ducting severe oo nd.itions were undoubtedly obtained. An i11­

considered design of vent ducting could thus conver-t a moderate explosion into

a severe one. If an attempt is made to reduce the explosion pressure by

widening the ducting to a uniform diameter great;er than that of the vent,

success is likely only if the diameter is Lncr-eased suffioiently to pr-event

the whole volume of the duoting from being filled with burning suspension.

From- equation 1, in order to halve the explosion pressure the vo Iume of the

ducting would need to be increased by widening so that about 30 per cent of it

did not contain burning suspension. Alternatively a truncated oorri ca'l duct i.ng

could be used. The severe conditions of explosion arising in ',ent dQotir~ oould

also be present in other industrial ducting if a dust which was already burning
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were introduced into an air-stream provided for pneumatic conveying. This

possibility was suggested previously1 and the results in Fig.1 .support it •.

Direct confirmation in a practical system would be valuable.

Cyclone

The experimental programme with the cyclone plant, of industrial scale 2,

included tests using several dusts with widely differing explosion parameters,

in addition to the cork dust considered above. The parameters are summarised

in Table 1, and the polypropylene used was of such reduced explosibility that

ignition could only be obtained by switching off the circulating fan in the

plant, to reduce turbulence, before injecting the igniting flame. With each

dust the igniter was in the ducting attached to the inlet of the cyclone,

1.4 m (4.5 ft) upstream. Direct determination was made of the effect of vent

TABLE 1
Explosion parameters of dusts 'used in cyclone plant,

measured by standard test

Per cent weight Pmax S!"bsolute) (dpldt)max
Dust passing 240 BS .t : lb/in2 .

Ib/in2 smesh

Cork 46 102 2900

English flour 74 113 1800

Phenol formaldehyde 100 (appro,Q 122 6500

Polypropylene 3 77 350

area on the explosion pressure developed in the cyclone, with all dusts; a

single vent was used in each case and it waS closed with a brown paper bursting

panel. This panel was intended to burst at a constant pressure of 4 kN/m2

(0.6 Ib/in2) irrespective of the area of the vent, but in some of the slower

explosions it may have ruptured by burning and could have opened the vent at

a low~r pressure. In the great majority of tests the vent was a sector of

the roof of the cyclone, remote from the position of the inlet duct, but in

a few tests with cork dust the vent was on the vortex pipe (i.e. the air

outlet) and was then circular. The bursting pressure of the vent panel was

slightly higher than with the sector vents.

An obvious conclusion, obtained with all the dusts, was that the

explosion pressures developed in the cyclone were far lower than would be

predicted from equation (1), based on the area of vent and volume of the

cyclone. For instance, with a sector vent of area 0.12 m2 (1.3 ft
2)

the

explosion pressures obtained with cork, flour, and phenol formaldehyde were

respectivelY 7, 6.5 and 6 kN/m
2

(1, 0.95 and 0.9 Ib/in
2).

Pressures
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calculated from equation (1) would be respectively 61, 11, and 175 kN/m2

(8.7, 1.6 and 25 lb/in2). The calculated pressures were based on the vent

being permanently open, and the effect of the bursting panel used would be to

raise explosion pressures that were below or in the region of the bursting

, pressure of the panel. It was thus clear that a premise on which equation (1)

was based, namely that combustion would take place throughout the whole of

the volume of the cyclone, may not apply even though the dust suspension would

have been highly turbulent due to the action of the fan circulating dust round

the plant. Because the cyclone is designed as a separator, the distribution

of dust throughout the volume would be far from uniform. Once dnst had reached

the wall of the cyclone it was not likely to burn as rapidly as when in a cLoud,

and particles were unlikely tc travel to the centre of the cyclone after being

introduced at high velocity tangentially near the wall. The explosible cloud

was thus likely to be limited to a zone near the wall of the cyclone" and. the

volume of suspension would be only a fraction of that of the cyclone.

Before pursuing this argument, attention will be paid to the possibility

that the low observed pressures were the result' of feeble explosions caused by

poor dispersion of dust within the plant. This was not considered likely

because ready dispersability was one of the qualities looked for in the original

selection of the dusts, but there is quantitative evidence that can also be

considered. In addition to the peak explosion pressure, measurement was made

in many cases of the maximum rate of pressure rise in vented explosions. The

relationship between peak pressure' (p-p ) and the rate of pressure rise
o

(dp/dt) is shown in Fig.3, for the four dusts listed in Table 1, iI'respective

of vent area. The dependence of explosion pressure on rate of r-i.se was marked ,

was fairly linear, and varied between dusts, even though the presence ,of the

bursting panel over the vent probably interfered with the development of the

lower pressures. The relation between the maximum pressure in a vented

explosion and the maximum rate of pressure rise during that explosion has not

been explored' in detail, and in any case they are separated in ti.me. But, the

ratio (p-po) / (dp/dt) may be regarded as a burning time characteristic of a

dust in the cyclone, and compared with (pmax - po) / (dp!dt)max' which is a

burning time characteri.stic for the closed standard explosion vesse1
1

• The,

comparison may be expressed as

(p-po} / (dp/dt)

where b is a constant.

b(pmax - po) /(dp/itt)max ..... (3)
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A graph of (p-po) against (dp!dt)max for the results in Fig.3 is shown

in Fig.4, and included a line drawn by eye. The presence of the bursting panel

was again disregarded. The results approximately followed equation 3, but with

considerable random scatter, and the value of b was about 1.7. The clear

differentiation between the dusts, observed in Fig.3, was lost in Fig.4

giving a measure of correlation between all the dusts in Table 1" even' t'hough

their maximum rates of pressure rise differed widely. The explosion parameters

of the dusts in the cyclone could thus be related to those in the standard test

in which high pressure air is used to ensure good dispersion (Table 1).

In Fig 3 the results for different dusts increased in gradient as the

explosibility decreased (Table 1). Poor dispersion of a dust would decrease

its explosibility, and so the gradient in Fig 3 for a poorly dispersed dust

would be expected to be greater than if it were well dispersed. On incorpora­

tion in Fig.4 the results for a poorly dispersed dust should have a consistently

greater gradient than those for the well dispersed. None of the dusts shows this

behaviour, indicating that the low pressure in the cyclone were not due to poor

dispersion of the dust, unless all dusts had been affected to the same extent,

which was unlikely. It would be useful to confirm this conclusion by direct

observation, by experimenting with different efficiencies of dispersion of the

same dust.

A more probable explanation of the low pressures in the cyclone would be

limitation of the size of the explosible dust cloud. The distribution of dust

in a cyclone has a complex pattern due to centrifugal action and to vortex

formation, and also depends on the individual mass of the dust particles. In

order to propagate an explosion, the concentration of dust in suspension must

exceed the minimum explosible concentration, and for the suspensions used the

precipitation of 80-90 per cent of the dust initially in suspension would'

reduce the concentration below the minimum, for explosion. The variation in

concentration of the dusts as they passed through the cyclone was not examined

in detail, but some broad indications may be given. Direct observation with the

polypropylene, which was a relatively coarse material (Table 1), showed that

most of the suspension had been precipitated ,nthin the first third of the

initial revolution in the cylindrical portion of the cyclone. The efficient

separation obtained with all dusts indicated that a negligible quantity was

in suspension in the conical part of the cyclone, where it could have been

entrained by vortices and delivered through the outlet. The height of the

cylindrical part was such that a suspension would on average undergo two

complete revolutions before reaching the conical portion. For the dusts

listed in Table 1, other than polypropylene, it is estimated that an explosible

- 8 -
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concentration would not be present for more than two revolutions of the; cyli:ndrical

portion of the cyclone, tapering over this distance from·a width equal to that

of the inlet duct (300 mm, 1 ft) to zero width. This conclusion is·a.~ approxim­

ation, and would be affected by variation in mass of the dust particles, but

has been taken as a basis for calculation.

The. volume. of explosible suspension in the cyclone was therefore 4 ir· ft 3

(0.11 '11' .m3). Ex:plosion pressures calculated using this value of V 'in'

equation (1) are plotted against the observed values for three dusts in Fig. 5.
Over the pressure rarlge for which equation (1) is valid (up to 83 kN/m

2,

12 Ib/in2), and particularly the lower part of this range where the equation

is more accurate1, the results for cork dust were in approximate agreement

with. calculation, those for flour were greater and for phenolformaldehyde'

were less. The calculated pressures were in considerably better agreement

with the experimental results than when equation (1) was applied directly,

using the entire volume of the cyclone, and indicated that even an 'appI'oximate

estimate' of the actual volume of explosible suspension was helpful.

If the volume of suspension was an i.mportant factor governing the"

explosion pressure, the effect of vent position and shape on the pressure can

be explained. For a vent of a given area, on the roof of the cyclone;' a

change in shape could affect the distribution pattern of dust and hence the

volume of explosible suspensa.on, Minor differences in explosion pressure

were

slot

observed between radial and circumferential (i.e. near cyclone wall)
2vents. A substantial increase in pressure was found when the vent was

, '.

on the vortex pipe. This arrangement requires the explosion products to be
, ,

drawn to the centre of the cyclone, and would increase the volume of dust

suspension and hence the explosion pressure.

Because of practical imitations only one design of cyclone could be

used and. the calculated volume of explosible suspension was ab0ut 30 per cent of

the total volume of the cyclone. Other designs of cyclone, and other dusts,

are likely to give different percentages and for purposes of design of

explosion venting direct testing may be necessary. Such testing need not

involve' explosion pressure measurements but could employ a non-explosible

dust of similar particle size and density to that for which the plant is to

be designed. The flow pattern of the test dust in the cyclone could be

established either by direct observation through windows or by using sampling

probes. It is possible that a modelling technique could be developed, enabling

the necessary information to be obtained from small-scale tests, but such a

technique' has not yet been applied to this problem.

- 9 -



For the three dusts represented.in Fig. 5, the area of vent in the roof

of the cyclone required to keep explosion pressures· below 15 kN/m
2

(2 lb/in
2)

would correspond to a vent ratio of about 1 m2/18 m3 (1 ft 2/60 ft 3) which

is consi.der-ab.Iy less than that. cust<!lmaril;j(c advised for plant of relatively
1small volume, but it does not include any safety margin. The reduced vent

ratio implies that the dust distribution pattern established in the cyclone

during normal working is not greatly disturbed before the arrival of burning·

dust. There are some conditions in industrial plant where disturbance could

occur. For instance, if a filter unit is installed downstream of the cyclone

and explosion developing in the filter propagates back into the cyclone, a

large volume of burning suspension could be injected into the cyclone. With

these conditions the whole of .the volume of the cyclone could be filled with

burning suspension, equation (1) in its original form would then apply, and

a larger vent ratio would be required.

In plant design, provided adequate attention is paid to the consequences

of ignition on the flow of dust suspension, the venting requirements for

cyclones can be put on a firmer numerical basis than hitherto, although·

further measurements on controlled explosions in other designs of cyclone

would be especially valuable.

3 ·31 m and 30 m vessels

Results have been reported for pressures developed in explosions of

several dusts in compact vessels4, approximately equi-dimensional, of volumes

1 and 30 m3• The vessels were of sufficient strength to withstand the full

explosion pressure, without relief venting, and the maximum explosion pressures

for the closed 1 m3 vessel were quoted together with the maximum. rates of

pressure rise for the closed 30 m3 vessel (Table 2). The range of explosion

pres.sures found when relief vents were used covered that for the validity

of equation (2), and extended to lower values. The data can thus be used

as another check on the ·validity of equation (2). The relation between the

observed maximum rates

standard pressure test

of pressure rise, and those obtained in the small-scale
1apparatus will be discussed later.
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TABLE 2

Dust explosion parameters from ref 4

Vessel Maximum explosion Maximum rate of

Dust volume pressure pressure rise

klI/m
2 2

m3 atm (gauge) atm/s klI/m s

1 6.9 690 - -Coal
30 - - 27 2700

Dextrin 1 9.2 920 - -
30 - - 66 6600

1 10.4 1040 - -
Organic pigment

30 - - 92 92CO

1 12.0 1200 - -
Aluminium

30 195 19500- -

A clear conclusion in this and allied work5 was that for explosions

in closed vessels, of volumes between 1 m3 and 30 m3, the maximum rate

of pressure rise was inversely proportional to the cube root of the vessel

volume. The rate of pressure rise was higher with a powerful ignition

source (pyrotechnic chemical) than with a weaker one5 (electric spark)

and increased with the explosibility of the dust from coal to aluminium

(Table 2). The variation of maximum rate of pressure rise with vessel

volume indicated that combustion was taking place in only part of the

vessel volume at that instant, and hence that the dispersion of ignited

dust was not sufficiently vigorous for the whole volume of the vessel to

be simultaneously involved. When vents were provided it was assumed that

the cube root relationship would still hold4, so that for a given explosion

pressure, the vent ratio required would be inversely proportional to the

vessel volume. This assumption implied that combustion was still taking

place in only part of the volume of the vessel, although the action of

the vent ·would encourage movement of burning suspension throughout the volume.

- 11 -



In applying equation (2) to these results it is necessary to establish

the time during the explosion at which the pressure reaches a maximum, which

is likely to be at about the time that the flame has arrived at the vent.

Before this time the flame is still exp'anding.towards the wall of the vessel,

and the volumeof combustion products would be increasing. Afterwards,

burning material would be ejected from the vent, and the volume within the

vessel would tend to decrease. The value of the constant K in. equation (2)

depends on the density (i.e. temperature)· and specific h~at of the material

being vented. When equation.(2) was derived originally it was assumed that

combustion was taking place throughout the whole volume of the vessel, ·and

that the vented material was hot. III applying the equation in the present

·case, the explosion pressure could reach a maximum.when.either hot or cold

material was being vented. In. the absence of direct evidence, values of K

corresponding to the cold and hot conditions were tried and better agreement

was found for the former condition. Thus the explosion pressure was assumed

to have reached a maximum just before the flame arrived at the vent.· This

assumption involves an approximation because the flame front would be

elongated towards the vent and spherical symmetry would be lost.

Curves calculated from equation (2) for the four dusts arId two vessel

sizes in Table 2 are shown in Figs 6 - 13, with the· pressures and vent areas

converted to the units used in the original work4• The values of maximum

explosion pressure in Table 2 were taken for both vol'~es of vessel, and

the maximum rates of pressure rise in the smaller vessel were calculated

from the given values by using the cube root factor. The calculated curves

are only valid down to 83 kNjm2 (0.8 atm). Curves representing the experimental

results4 are included in Figs 6 - 13, as the original individual results were

not given. For experimental purposes the relief vents were closed with

bursting diaphragms, and the results for the weakest diaphragms of bursting

pressure 10 kNjm2 (0.1 atm) have been used. The· derivation of equation (2)

assumed that the vents were open, and the weakest diaphragm would be the

best approximation. The effect of bursting pressure on the final explosion

pressure remains to be considered.

From inspection of Figs 6 - 13 it may be seen that equation (2) is in

general agreement with the experimental findings, and that the relatively

large decrease in explosion pressure resulting from even a small vent is

apparent. Equation (2) accounted for the explosion pressure in terms of

the explosion parameters of the dusts, the vessel volumes and vent areas,

for most of the conditions tested. The most serious discrepancy was for
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aluminium dust in the 30 m3 vessel, where the pressures for smaller vents

were higher than those calculated. Further' experimental data would be

valuable, particularly measurements of the position of the flame when the

pressure was at its maximum.

Use of equation (2) for practical systems requires knowledge of (dp/dt)max

for the dust in the volume of vessel concerned; this point is considered'

f u r-ther-, below. For low explosion pressures (but above 83 kN/m
2)

the vent"

ratio (A/V) is approximately proportional to (dp/dt) which may be dependent
/ max

on V-1 3. A method is then possible for the calculation of venting requirement

as the scale of the plant is increased. Such plant would need to be

relatively massive to withstand the pressures developed in explosions relieved

through the vents, which are small when compared with those appropriate to

equation (1). The influence of the power of the ignition source on the

explosion pressure4 requires that the venting should be related to the

practical risk. Increased pressure could be expected from a' large source,

such as injection of an explosion flame from attached ducting or from

more vigorous dispersion of the dust.

Closed vessels of different volumes

Attention has already been drawn to the reported findings4 ,5 that.for

closed vessels of volumes between 1 m3 and 30 m3 the maximum rates 'of pressure

rise of the dusts listed in Table 2 were inversely proportional to the cube

root of the vessel volume. When the, rates were extrapolated to a vessel of

volume 1.2 I , that of the closed standard test vessel, the predicted values

were several times greater t han those measurE.d5• This finding does not prove

that the standard, test, which is small-scale, is not valid for larger 'scale;

application, because an alternative explanation Call be given.

On physical grounds it is unlikely that the maximum rate, of pressure,

rise of a dust would continue to increase indefinitely as the volume' of

vessel is reduced. With larger volumes, where the 'cube root' function

obtains, only part of the volume of the vessel is involved in combustion at;

a given instant, whereas with smaller volumes the assumption given previously1

that all of the vessel volume was involved could be expected to apply. The

changeover in behaviour, occurring at a vessel volume of Vo' would'depend

upon the type of dust, the method of dispersion and the ignition source.

For volumes less than V , the maximum rate of pressure rise would be (dp/dt) ,o max
and for volumes greater than. V would be reduced in accordance with the

o
'cube root' function. The value of V depends on the relative rates at

o
which a well mixed volume of suspension would burn and at which ignited and

- 13 -



unburnt suspension would mix. For a given mixing process, i.e. method of

dust dispersion, V would decrease as (dp/dt) was increased. The
o m=

following relation is suggested

V
'0

= BV (dp/dt)-n
s max

where B and n are' positive constants, and V is the volume of the
s

closed standard test vessel (i.e. effectively a constant).
'.. ,

Then, for vessels of

pressure rise (dp/dt) are

volume V, greater than V , the m=imum rates of
o

given by

1/
(dp/dt) V 3 / (dp/dt)

max / ••••• (4)

The lefthand term in equation (4) represents the ratio of the

calculated to the experimental maximum rate of pressure rise in the standard

test vessel. It has been plotted against (dp/dt) on linear scales inmax
Fig. 14 of Ref. 5 and showed an inverse dependence. The points have been

re-plotted on logarithmic axeS in Fig. 14 of this Note, and are for tests

using the more powerful ignition source (pyrotechnic chemical) in the

explosion vessels, and an electric spark in the standard test vessel. There

is considerable scatter of the points, and the line (drawn by eye) can only

give an approximate representation. From this n = 2.0 and values of B for

different pressure units are given in Table 3. The line in Fig. 14 also

gives approximate representation of results quoted for ignition with the

less powerful source (electric spark) in the explosion vessels5, indicating

that the values of n and B would be as above. From a measurement of

(dp/dt) in the standard test vessel, equation (4) enables the relationmax
between (dp/dt) and V to be calculated, for vessel volumes greater than

V , i.e. where the 'cube root' function operates. The relation appears
o

insensitive to the choice of ignition sources, prOVided they are

relatively small, but may depend on the method of dust dispersion.
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a slightly different

was 1300 barfs and that

Further experimental evidence is needed. It is of interest that with

polyacrylonitrile dust in a 5 m3 vessel, using

dispersion teChnique6, the value of (dp/dt)max
of (dp/dt) was 160 bar/so The calculated value from equation (4) for

the latter, based on the former was 177 bar/so The extent of agreement

may be fortuitous, when the scatter of points in Fig. 14 is considered,

but further testing would be warranted.

TABLE 3

Values of B for different units of pressure

Pressure B

atm 1.8 x 107

kJI/m2
1.8 x 10

11

Ib/in
2

3.8 x 109
.

CONCLUSIONS

1. The equations derived i~ an earlier report, which related dust

explosion pressures to the explosibity parameters of the dusts and

the geometry of the containing vessels, have been tested against

further data. Some extensions of the theoretical concepts were

necessary.

2. Explosion pressures in vent duct ing, which for pract ical r-easons

are relatively low, have been related to dust parameters and were

shown to vary as the square of the length of the duc t rng ,

3. nata from experiments with a vented cyclone have shown that provided

the dust concentration is predominantly near the walls, as i~ the

normal working of a cyclone, the explosion pressures were considerably

less than for a homogeneous suepens i on; An approximate method of

calculation of the reduction has been derived.

4. The e~osion pressures in relatively large vessels, with small vents,

were calculated from the original e quat ion, with modification to

cover the observed reduced rate of pressure rise in these vessels.
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5. The relation between the maximum rate of pressure rise in the small­

scale standard closed test vessel, and in much larger vessels, was

discussed and a method of extrapolation proposed.

6. There is still a serious shortage of experimental data for dust

explosion venting, which must be remedied if confirmation is to be

obtained of the assumptions still necessary.
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