PERFORNANCE CHARACTHx . 105 OF TW3 MODEL K ELECTRO-POLAR FILTER
-Proliminary Report

by

Richard Dennis, Charles E, Billings and Leslie Silvorman, Harvard

In this paper the results of proliminory perflormance tosts are pro-
sented for the "Electro-polar Filter", an expeorimental aust collesctor
developed by the Westsrn Precipitation Corporation. The objectives of
the field and laboratory testing progrem on commsrcisl dust collectors
have been covered in a previous report by our laboratory (1). Those

studies arve intendsd to determine collector performance in eccordance with

<+

applications suggested by the manulacturer and also to investigate new
epplications by means of minor operating or design changes. The proper
evalustion of these data serve as a guide to the Atomic Enerpy Commission

end its contractors in the selection and applicatidn of commercielly
evailable Aust collection spparatus, ’

‘The Electro-polar Filter now under test was developsd by the
manufacturer's roséarch department and would probably:bc subject to design
chénges prior to marweting. ﬂEC representetives, contacted by the Western

,?recipitation Corporation considsred it advisable to have the uﬁitAtested
by the Air Cleaning Labor%tory so thut its practicability as an air cleaner
for low dust load systems could be detormined. Since the Electro~-polear
Filter is an expsrimental model there is littie background data with which
to compare its performance; Howovef, tﬁe unit emp10y§ PF 105 or P» 316
Fiterglos media as tho primary filtration elements, Those pads have =
basic weight collection efficiency of approximately 70 to 80 per cent
egainst atmosphoric dust and are suitable only for low,dust éonccntru£i0qs.
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By placing -the fivor pads within a strong eloctric ficld, olsclrostatic
forces arc oxpoctod to supplomont the usual filtration mechonisms (impaction,

intoercoption and diffuslon) thus improving the performancoe of the unit.

Descriptlon of Electro-polar Filter - Model K

The Electro-polar Filter consists essentially of a dielectric filter
modium of fine glass fibers placed In an electric field. Filte; media
employed Are Pr 316 mats or one to two lay§rs of PF iOS.A The fiber code
designation is that of the Fiberglas Corporstion. PF 316 is a three micron
‘diameter resin coated glass fiber supglicd in 1 inch thick bsts at a packing
density of 1 1b./ft.3, PF 105 is & ons micron diamoter resin coated fiber
supplieé in l/kAinch bats at a paclting density of 0.6 lbs./ft3; The elsctric
fiold is furnished by placing the fiberglas mat betwéen two vertvically aligned
metal screens, The upstregm screen 1is ihsulatcd and maintaiﬁéd at & positive
potential of 15 kilofolts; the downstresm screen, 1 inch removed, is grounded
to.the unit, Scraen.conétruction coﬁsists of a Stamped dismond shaped
gratinz with a free arée of epproximately 80 percent, Totsal filtraiion érsa
comprises five identical screen secgions (20 iﬁch X 60 inch) erranged in a
row and all insuleted from each other. The entire screen section (total
aroa = 41.5 square feet) is eligned diagonally in & rectangular housing heving
overall dimensions of 2.5 # 8 x 5.5 fest. Tﬁis permits a.gradual recuction
in c;oss section of the entry plenum so that better eir flow distribution
may be obtained. -

The high voltage supply is furnished by a powcr pack with a rat;d
output renging from 11 to 17 kilovolts. Three hundred microemperes ere
aveileble at 17 Xv, snd at currents excecoeding 750 pip (resulting from

shorting or ercing) a safoﬁy control relay turns off the power,
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The powor pack is cnclosed in a 16 x 16 x 9 inch box whiqh occuplos
ono cornoer of the collector housing. To reduce excossive dust loadings
and prevent screon shorting by gross contaminants “Dustop" roughing filters

(in & bank of 3) are located at the inlet to the collector,

Rated Operating Conditions

* The Electro-polar Filter is designed to oporate at 3500 cfm with a
1 inch layer of PF 316, 2900 cfm with a 1/2 inch lajer of PF 105 and 1700
cfm with two, 1/2 inch layers of PF 105. The manufacturor recomnends
that filters be replaced when pressure losses reach 2 inches of water.
although fan capacity or exhaust requiréments may modify this figure.
Reéommended scrsen potential is‘15 Kv. Arcing betweon grounded and high
voltege screens may occur as a result pf high points or sharp edges on the
screen surfaces. The high current accompanying arcing will automatically
activate the overload control switch and turn off the power supply. In
somo instanceé of arcing a sizable hole may be burﬁt in the filter which

will require patching.

Theory of Operation

It is.evidont that tﬁs glass fiber media employod in the Electro-
poiar Fﬁlter are reassonably good filters for aimospheric dust ﬁithout
superimposed electros?atic effects. Preliminary tests indicatle weight
collection efficiencies ranging from 70 té S0 perbent against stmospheric
dust at a filtration velocity of 85 fpm (PF 316 modia). Previous tests (1)
have elso shovm that similar fi£orélas modia (PF 105 end PF 31%) operate
in tho same genoral efficiency range. .

-

Electrostatic charge measuromonts upon PF 105 median have indicated

-

potentiels of 700 volts rcsulting from handling alono. High static charges

“ -
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may bo produced thioush cerding as illusgtrated By tho resin-wool filter (2).
This information indicnéos that electrostutic seperating forces coms into
play in fibor collectors regardless of extcrnully applied electrical fields
and in addition to usual colloctigg mechanisms (impaction, intorception
and diffusion). |

By intensifying the electrostatic effects through placing thé fiberglgs
mediu within en electrical field tho manufacturer has 'sought to improve
tho overall dust removal characteristics, |

The prescnce of dielectric fibers within an electrical field produces °
divergencies in field intensity such that the regions of highest field
strength are concentrated sbout the fibers. Dust particles, which beconme
polarized by passing through the -electrical field, migrate toward the
regions of highest field intensity, it should be noted that the particie
motion is always toward the zone of higher field strength regardless of
field direction. Higheor dust conc;ntrations in the immediaﬁa vicinity of
the fibers caﬁse increased agglomsration and enhance the probability of
capture by inertial mechanisms. |

Although mathematicsl formulas have beon presedted by Pohl (2) to
guantitate the precipitation of sblids from liguids in a highly divergent
field, no.simple relastionships can be advenced at the present time to deal
with particulate deposition in fiberbbcds; Pohl describes a system‘con—
sisting of é siﬁgle, positively charged_ceﬁtral eléctrode and a concentric
cylindrical negative electrode, used to precipitete a graphite-tolucne sol.
In this case, it is possible to cvalugte tho field strongth at asny point
as a function of the potential grad{enﬁ and the electrode dimqnsions.

Equating viscous forcos to eloctrostatic forces pormits estimetion of

partlclo migration velocitios.
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" *Ya a generol equation migration volocity (v) r.ay bo expresscd as a

. ]

function af the difforenco bebtween the dielsciric constant of the fluid and
particulats compononts (k) - kp), porticls radius (a), fluid viscosity 97),

absolute value of the ficld strength (E) and its divorgence Q;Eéér)-

(
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uaiform resinous coatings, the ebove ecuation hes only a qualitative signifi-
cance as far as the Electro-polar Filter is concerned. It should be noted
elso that in desling with & dynamic system it would be necesSary to combine
vectorially the inertial snd electrostatic forces. 1In practical spplicstion,
Equation.I suzgests that increesed perticle size and field potential should
improve the collection efficiency of .the Electro-polar Filter. For particle
diaﬁeter555 microns, however, electrostetic forces are insignificant in
comparison with the inertial effects, Similariy, if appears that variation
in filtrsation velocity wog}d effect collectionvefficiency only througa

.

inertial or diffusional mechenisms,

Test Procedure

Inlet and outlet atmosphoric dust loadings werg.determined gravimotricelly
with high volume samplers and pleated filters (4). | tain efficiency measure-
ments were made with & film badge densitometcrlpn Wnotmsn No., 41 filter discs
and count efficiencies werc determined Qith a Bausch and Lomb dust counter,

Copper sulfate lbadings wero sampled with AC electrostatic precipitators

and thz concentrations determined by chemical anelysis. The method of
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gonerating coppor sulfato microspheres and complote dotalls on all sepling

mothods havo bocn doscribed in previous NYO rcports (1, 5).

Tost Rosults

Proliminary tests on the Eloctro-polaf Filter were designed to cetarains
if the use of an eloctrical field significantly improved the basic pc;formunce
of the PF 316 fiber media. As shovm in Table 1, tests 1 and 3 with atmospheric
dust and tests 5, 6, 8 and 9 with copper sulfate indicate a#erage efficiency
incraasgs of 15 and 11 percent, respectively, when rated screcn voltage (15 #v)
was applied. Filter plugsing, however, illustrated by slightly higher
pressure losses in tests 2 and 7, indiéatos a pradusl improvement in besic
fiver efficiency. Table III compares bverull co}loction efficieﬁcy as
obtained by simultaneous weight, stain end count metﬁods for operations at
no voltage and 15 Kv. -

~ & breakdown of wéight collection efficiency appears in Teble I since
the "Dugtop" performence is not governsd by the electrical field, Overell
unit efficiency, therefore, shows a smaller increese (ecproxinately 8
percen£) with appliéation'of screen foltage. At lower screen veltages
(11 Xv) a very slight decrease in efficiency wes ob;erved for copper suifate
‘(tes? 10). | |

Filtration velocities fﬁnging.from 26 to B85 fpm snd screow volteges
VBryiﬁg from 11 to 18 Xv showed no significant éfficiency changes with
stmospheric dust (Teble IT) according to stein meusurements, However, it

~is expected thet sdditionsal Ltests with a copper sulfete aerosol will pernit
better corrolation cf these veriebles. Chenges in concentreticn end perticle

size distribution of atmospheric dust were portly responsible for irconsistencies

in the cato.
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Humid air also was obscrved to roduge collouctiorn efficioncy elihcugh the
measurenonts wero qualit;tivo.

In ordor to oliminato tho effect of changing bed characteristics cuo
+o rotertion of copper sulfate, tests &, 6, 8, 9 and 10 werc run with altcruste
sc;eon sections blocked eff. Air flow was reduced rproportionately to maintein
constant velocity (85 fpm) threugh the PF 316 media. Since the Dustop filter
area wgs not changed, the velocity through this scction of tho unit varied
with total air flow (Table I). Weight collection efficiencies fer Dustcp
~
~filters vere a direct function of velocity indicating that inertial separaticn

vas the primary collecting mechanism. ’

Discussion of Tests

Test data indicate that the use of an electriéal field incresses
the oversll weight collection efficiency of the Electro-polar Filter by
about 8 ﬁercent‘with atmospheric dust and copper sulflate microsgheres.
It appea;s tha{ the overall edvantaze of the electrical field will decreese
with fi}teriusage since the efficiency of fiber béds incresses with piug—
‘gi;g. Preliminery tests indicate this trend even thQugh gressure losses
are still below the rated vaiue of 2 inches of water:

No data has yet bsen obtained for PF 105 media which, bectzuse of its
small diameter (1 micron), should bé a more effective filter,

Final comment regarding the utility oé the Electro-poler ?ilter 65 &
high effﬁciency cleaner for low dust concentrations is withheld ponding

0y

completion of tests. - .

L wes
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TARLE II

Effoct of Voltago and Velocity Variations on Stein Lff1c1ency Tests
with A% mouphorlc Dust

v Test Inlot Loading - Screen Filtration Overall Stain

Grains /1000 re.S Voltago Velocity Efficioncy
Kv fpm , %
11 0.037 11 85 ' 98
4 0.0938 15 - 85 95
12 0.125 18 B ‘ . 98
11 0,087 11 85 93
13 . 0.123 11 61 83

14 0.208 n 36 : 98

TABLZ III

Effect of Screen Voltage on Simulteneous Weight, Stain and
Count Efficiencies for Atmospheric Dust at Rated Capacity

(3500 cfm)
..Test Screen Voltage ~Overall Gollecvion Bfficiency
Xv A
Veipht Stein Count
1 0 92 g0 54
3 15 98 85 80
© SUMAARY

- -

Results of preliminéfy performance tests are presented fér the Electro-
polér Filter, a dust collector doveloped by the VWestorn Procipitation
Corporation for high off1C1cncy removal of particulates. SOparétion is
achievod through = combinution of the mechenical filtration propertics cf
FF 316 or PF 105 fiboerglas and olectrostatic effects procuced by loceting
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tho fibors within asn cloctrical ficld (crgatod py two melul fcreens, ono
meintained et 15 Kv pohcn;inl and tho other grounded). Theory of operation
is based upon migrction of polarized dust particles to the regions of high . -
field intensity surrounding the glnés fibcré.
' Test results on clean fibers indicote that application of rated scrcen
voltege (15 Kv) increases overall collection efficiency of atmospheric dust
end cﬁpper sulfate microspheres by about 8 percent. Filter plugging, howcver,
results in higher baso officiency for the fiber whicﬁ tends tc lessen tho
edventare of the electrical field.

" Current tosts include a study of the effect of voltage and velocity

veristions on collection efficiency. Final evaluation of collector utility

is withheld pending enalysis of all test data,
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