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SUMMARY

The compaction of dry powders by vibrations likely to be encountered by
dry powder extinguishers in service (peak accelerations up to 2.03 n, frequencies
in the range 10 Hz to 100 Hz) has been studied. Preliminary results indicate
that higher levels of compaction than can be achieved by these vibrations result
from impacting the container of powder onto a rigid surface, at a frequency of

1 Hz, from g height of 1.5 em. Further study of the problem is recommended,
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' THE' COMPACTION OF POWDERS BY VIBRATIONS - PRELIMINARY RESULTS

by
P F Thorne
t.. INTRODUCTION _

Dry powders are often -stored where. they may.be subjected to.vibrations,
such as in buildings where there is heavy machinery, and on vehicles.or ships.
These vibrations, if of appropriate amplitude and frequency can cause,consolida-
tion or "packing" of the powder which in turn will have &n adverse effect on the
performance of the exXtinguisher when 1t comes to be dlscharged Even if an
extlngulsher is not normally subJected to v1brat10n, normal handllng and
meintenance work can result in the extlnguisher belng set down heavzly 6n the
floor or other surface. If this 1is repeated a number of t1mes consolldatlon

of the powder can result, -
PR A

An 1nternat10na1 standards co- ordlnatlng commlttee, the Comlte European de -
Noruallsatlon has set up a Trlpartlte Sub-committee ("CENTRI 2") to study the -
problems assoclated w1th European standards for portable fire extlngulshers._ o,
One of the features under dlecusslon is the p0351bllity of speclfylng a compactdon
test for dry powder extlngulshere which will take into account the eu1tab111ty Nf
of euch extlngulehers for use 1n the condltlons outllned ebove. Thls note . ]
reports some preliminary atudles whlch prov1de background 1nformat10n for the

further deveIOpment and speclflcatlon of such a compactlon. ' s
2. EIEINGUISHING.IN?GRMATION ) o . . P
A review1 of vibrations likely to be encountered in practice showed: that -
the lowest levels of vibrations-ere met with in bulldlnge (accelerations (G)
up to 1. Oj’n at 8-35 Hz) and Bhlps (accelerations (G) up to 1. .5q n at 50-80 Hz).
Vibrations found in road vehlcles vary with the type of vehicle, road surface
and location on the vehiclé., -Vibrations 11kely to be encountered by items e
attached to bodywork or located in storage spaces are at frequencies in the
range 10 Hz to 100 Hz and accelerations up to 2. Oan.‘

Vlbratlon tests currently included in varnous national standards for dry

powdey extlngulshers are summarized below:




() French standard vibration test®

In this test, the charged extinguisher is submitted to vibrations
at 20 Hz and 'amplitude' 0.8 mm for 15 minutes before being subjected
to a discherge‘test. It is understood that the 'amplitude’ is here
"defined-as .the 'peak to peak'-displacement. :If.this is .so,~-then the
peak acceleration in this test is 0.64 ﬁn.

(b) Usa Navy vibration test’ )
In this test, the charged extinguisher is subjected to vibration
at 20 Hz and an 'excursion' of 1.27 mm (0,05 in) for 10 minutes before -
-.'Beiné‘subjected to-a discharge test:’ If 'excursion' is synonymous.
with 'peak to peak' displacement. thén the peak acceleration in- the
Test is- 1. 023 n,. - '
(e) Canadlan Impactlon Test4 : o -
‘ In thls test the extlngulsher is 1mpacted by dr0pp1ng from a height
of 15 9 - 0. 254 mm (O 625 Y 0.01 in) at O 42 Hz for 10 m1nutes before *
‘ belng subaected toa dlscharge Test, ‘ : '
Evans and lelman5 amongst others, have 1nvestlgated the effect of’ v1bratlons
on the packing of powders, malnly with the object of increasing “the packlng den51ty
for Bpeclflc purposes, 6. 8. powder metallurgy The powders used have been 1argely
artlflclal blends of dlfferent coarse 51zes. Evans and Miliman noticed that’
maximum compactlon often occurred w1th1n a few m1nutes and reported that the
greatest 1ncrease in packing den31ty occurred at or around certain flxed
frequencles whlch they assumed to be resonant frequencles of the systems used
and therefore to be dependent upon the apparatus and powder used.
Suzukl, Takahashi and Tanata6 present a theoretlcal relatlonshlp between the
amount of packing and the peak acceleration of the v1bratlons, ‘based on a con31dera-
tion of the motion of a single 'ideal' particle on a v1brat1ng plate, Their

equation is:

(1-e) (1—e } + 0, 073 [i 5
G=-1

~

where ﬁ(G)elG +1—2GSln2Trn +G0052Trn' ‘
. oy
6. = " voidage of compacted bed, i.e. (1-e) = solids fraction. ...
e, = voidage of unbompactéd bed. -
G e peak acceleratlon (:an) S “..p
n, = the dimensionless time (£t, ) at which the particle falls on

the vibrating plate.



Using this, they predicted ‘a2 maximum value of (1—é) at a peak acceleration .-
of G ; 2.53:%' Experimernts with coarse sand and calcite particle sizes O,4 mm -
to 1,5 mm) in containers 12 cm diameter 19 c¢m high largely confirm this
prediction., At 1 <:G-<’2.5 compaction was greater at 20 Hz and 30 Hz than 'at
50 Hz, For G >'2,5, (1-e) assumed a constant value, independent of frequency: -

3. EXPERIMENTAL PROGRAMME -
The experimental progrmmme, of which some prellmlnary results are reported
here, includes an investigation of the following factors.
(1) Container (extinguisher) dimensions. (Diameters in the range 60 mm
to 180 mm).
(2) Powder, characterized by chemical composition and size distribution,
(3) Frequency of vibration, Range 10 Hz to 100 Hz.
(%) - Peek acceleration. -Range O.83n to 2.03n.

The .experiments are intended to indicate the conditions of ﬁiﬁrétidnfunder
which maximum compaction can occur for particular powders. Full scaleumodq1
extinguishers constructed from transparent materials can theﬂ be charged and
subjected to thess vibrations. The behav1our of the powder when dlscharged
from the model extinguisher w111 then be studled

.Concurrently with thelv1brat10n programme, the compaction.of similqusamples
of powder when subjected to imphction by dropping the container &erticgiiy onto
a solid surface, is being studied. '

4. -APPARATUS  AND PROCEDURE
" .The powders used are described in Table 1. ' They were contained ih a - =™
.“graduatEd transparent 'Perspex' tube 63 mm inside diameter, 75 mm outside ~ %7
diameter, 220 mm high attached to an aluminium base plate. ' This assembly *
-Was rigidiy fixed.in the vertical position to the centre of a horizontal
electromagnetic vibrating table. A given weight of powder was carefully: :.
poured into the container and lightly compacted to a predetermined level BERE
by gently tapping the side of the container. This level was chosen to"be
Tower than that resulting from the pouring of the powder yet not low enough: °
“£o intrude substantially into suﬁsequent packing by the vibrations, Heving
‘established this initial constant level, the container-was séaled and ¥ibrated
under the appropriate conditions. Packing was subastantislly complete éfter five:
'to ten minutes but most samples were vibrated for 15 minutes, and & few for
20 minutes, before constant levels were eidtablished. 'The final level ‘was read ‘-
after the vibrations had been stopped. The experiments were divided :'Ln'l:o-sshu'\."t
-series, each at a given frequency and consisting of experiments made ‘at.0.8, '

1.,0;' 1.5 and 2.0‘3 n., Fresh powder was used for each series. - Between each

-3 -



experiment in a series, the powder was loosened by shaking and re-distributed
by invertiﬁg the container a number of times before re-establishing the .
initial level. '

. Experiments were .also made in which identical samples of powder were
compacted by impaction. The container, held in the upright vertical position,
was arranged to fall onto a rigid steel plate from a height of 1.5 cm.at
frequencies of 0.2 Hz and 1.0 Hz for a time of 8 min 20 s, thé total'nﬁmbef
of impactions being 100 at 0.2 Hz and 500 at 1.0 Hz.

-5. RESULTS

The results are reported in terms of frequency (Hz) and peak acceleration

(Sﬂ)' ‘These qualities are related to the amplitude of vibration by the following

equation, '
¢ = 04T 2 af? '  where G = peak acceleration Gn)
981 a = amplitude, i.e. % peak to
= L.02 x 1072 af? peak displacement (mm)
: ' f = frequency (Hz)

The dégree'of compaction is expressed as the ratio (R)

" bulk density after vibration Values of 'bulk density before
R = - : : : - :
bulk density before vibration vibration' are shown in Table 1.

The results of the vibration experiments with the three powders investigated
80 far are shown in figs 1,.2 and 3 in which R 1is plotted against frequency and
peak acceleration., The results of the impaction experiments are shown in fig. 4.
The values of maximum compaction achieved are summened together with the conditions
under which they occurred, in Table 2. .

It was observed, during the vibration tests, that under certain conditions
'fluidization' of the powder appeared to occur. This was most pronounced: with * -
powders 1 and 3 and occurred most frequently at 40 Hz with a few instances at .

30 Hz. ‘The conditions under which this 'fluidization' was observed are - :
summarized in Table 3.
6. DISCUSSION

- Tt can be seen from figs 1, 2 and 3 and from Tables 2 and 3 that the highest
levels of éompaction are associated with the incidence of 'fluidization' during :
part or the whole of the vibration period. It is probable, as suggested by
"Evans and Millman5 that the powder is 'excited' by a resonance phenomenon at
frequencies peculiar to the particular equipment and powders used. Under these
conditions the powder particles may become momentarily separated, thereby ..
reducing interparticle friction and enabling the particles to re-orient themselves

into a closer packing geometry.



When.the powders were compacted by impaction thisaphenomenon did..not appear

to occur. -The higher levels of compaction that occurred, therefore, could be . a

regarded as being.the result of a different packing mechanism.: When the: . ': .25
container .comés to rest on the rigid steel plate, the powder is subjected to:.-. ..
high deceleration forces, sufficient to overcome the interparticle friction .. ...
foreces, thus forcing particles one past the other'into'closer packing = - .7,

geometries.'*Figure"A'and'Teble 2 showed that even though meximum~compaction.
has not reached in some cases, the levels of compaction achieved at 1.0 Hz
were always higher than those for vibrated powder. . e

The prediction- of Suzuki et a16 cannot be tested with the present reeulte
Bince the maximum acceleration investigated was 2J)Szh Examinetion of figs. 1
to 3 reveals that’ there -is-a tendency-for the curves to flatten and possiolj-
maximize at 1.5 to 2.0g n. PFurther experiments at 2,5 and 3. 03},, elthough
not within .the.range of oondltlons,thought to.be of immediate 1nterest would
ibe.valuable since levels -of compaction even hlgher than those aohleved by
.impaction may be encountered .The frequency at which these experiments,should
‘-be made is clearly -in the range 30 to 50 Hz. o '; .

It can also be seen that as a general rule, the. flnest powders are, compacted
~the.most by both vibrations and impactions. . The flne.ppwde;s,jnend 3)_(eee
»Table1)-have the lowest initial bulk density.. Interparticle forces -(gravita-
tional and electroetatic),are‘more‘significant with very fine powders and result
:in:low bulk densities. .These forces.are, however, overcome by'vib?etione,athus
»enabling the powders to compact. l - \

, 7. CONCLUSIONS
~For the three powders investigated, using the equipment described, the
v maximum compaction effected by vibrations occurs &t a %requency of 40 Hz and
. .peak accelerations of 1.5 to 2.04 n. Further Aexperim'ents at L0 Hz, 2_.5'and
% 3.0 §,are recommended.
Higher levels of compaction than were achieved by the vibrations used
:.in these experiments occurred when the powder was 1mpacted by dropping the
;- container onto a rigid surface. This technique should be 1nvestlgated
¢ further -since it offers & relatively simple method, which is likely to be

. a8 effective as vibration, for compacting powders.



“i'It is -possible that powders compact in different ways depending on whether
the compaction is by vibratiom or impaction. This should be borne, in mind when .,
developing -a compaction ‘test. Discharge -tests, .using model extinguishers, .. ....
should be made as powders compacted by both vibration and impaction quprehényz_ -
compaction test 18 finally specified. : i e
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Table 1

Weights and size distributions of powders used

Powder
1 2 3
Weight used (gms) 460 800.- | 555
| Initial height (cm) 17 | 116 |12
.Initial bulk density i . B
(en/cn3) 0.87 1.46 | 1.035 ,
Per cent by weight i
less than stated size
125 ™ 97.1 97.8 | 94.5
105 g 95.2 9.5 | 91.7
90 /*”“ 9z.2 87.6 86.6
75 P 86.4 73.5 | 81.0
53 /N" 76.3 48.1 70.5
45  pam 74.4 44.8 68.8
30 54.3 . 19.9 | 45.5
20 e 40.4 9.4 30.73
10 g 12 2 14.3

Size analysis by SieV%Eg?

.45_125/”1 ::ﬁ 410 (1962) sieves

10=30 /A&m * Allen Bradley Sonic-Sifter:

}

Chemical composition of powders
Powder 1: Commercially available synthetic powder based
on potassium bicarbonate

Powder 2: Commercially available standard sodium bicarbonate

powder

Powder 3: Commercislly available general purpose (ABC) powder

baséd on ammonium phosphates



Table 2

Summary of maximum compadtions_achieved in
vibration and impact tests

| Maximum compaction ‘achieved | Maximum compaction achieved
Powder g ) . .
. by wvibration _ L by impaction
1 R = 1.25 at 40 Ha, 1.5 gn _ | R =1.%6_a%t 1 Hs
2 *|R=1.09at 30 Es, 2.0gn ~"| ' "R=1,12'at 1 Hs
. 40 Hg, 1.0 gn o
3 V1 R= 1.?3 at %80 Ha, 2.0 gn .R:— 1'25.ft 1 Ha
Table 3
Incidence of 'fluidisation' during vibrations
. Peridd over which 'fluidiéation' occurredlat
Powder . stated vibration levels
’ Initially ‘10 pinutes - 20 minutes
, |30Hs, 2.0 gn : S
40 He, 1.0 40 Hae, 1.5 gn | 40 Ha, 2.0 gn
p) 40 Hs, 1.5 gn 40 Hz, 2.0 gn | -
3 30 Hs, 2.0 gn -
40 He, 0.8, 1.0 gn| 40 He, 1.5 gn | 40 H&, 2.0 gn |
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