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I. Introduction

In conjunction with studies on commercial dust-collectors, this
labo;atory‘has conducted performance tests on'sa Simon Suction Filter
(Entoleter) furnished by the Safety Car'Heatigg and Lighting Company,
Inc;, {Entoleter Division), Arranéements for the loan of this device
(originelly menufactured in Great Britain) were made through the New
York Oporations Office of the Atomic Energy Commission. .

The Entoleter unit is a multicompartment bag collector omploylng
cyclic gutonatic rapping (assisted by back flow air) to keop bag
pressure losses within a limited range to insure a hearly constant air
handling capgcitj. The collector was intended primarily for use in the
flour milling industry and has & fiitration capacity of ten cubic feetl
.por minute por square foot of cloth, ’ ’

The purposo of tests conducted by this laboratory'wore to determine
porformaned charscteristics of the Entolotor unit oa fino asrosols, i.e.
talc and fly-ush, 2.5 and 16 microns mass moedian diamotoer roape;tively,
when oporstod at rated capacity (10 cfm/sq.ft.).

Comparison of teost datu with that obtained from a Horsoy rovorso-jot
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collootor oporating with similar eorosols and filtration volocities pormits
ﬁuttor ovaluation of tgo efficiency and pﬁossu;e loss churacteri;tics of
the Enfolotor unit. No data has beon'publishcd (except preliminary data .
4n NYO 1588 (3)) on the Entoleter collector with dusts whose sizes aro in
tho range 1.0 to 20 microns. Tho ﬁerformunco of tho reverse-jot filt;r
has boon discussod in several AEC reports (1,2,3,4) and by Caplan (5,6)
and Mason (7).

The results of tests on tho Entoleter collector do not Indicate

porformance of cyclicly cleaned multicompartment units used industrially

at usual low filtration velocities (1 to0 3 £pm)

II. Desoription and Operation

© A. Entoloter Unit

| Tho Entoleter unit tested has Lour compartments connected on
the bottom to & common inlet header and hopper, end on the top by moans
of individual daempers to & comnon outlet header.’ Each compartment con-
tains eight sateen woave cotton bags six feeg long and oight inches in
diamotor (100 sq. ft..of cloth). The Eags are éttachod at the bottom to
a manifold plate and at the top to a frams., The m;nifold end frame sro
conneoted rigidly together by rods so that when & section is rupped the
bags sre lifted end droppéd (abou£-1 1/2 inches) es a unit, thus preventing
"distortion or collapso of tho filter tubcs; Tho dampors at the top of the
unit connect to the lifting gear so that when a cgmpartment_of bags is
rappod, primary air flow to tho fan shuts off and the compurtment vents
to atmosphore pqrmitting o current of back-flow uir to assist the rapping
in dust removal. |

In normrmal opora£ién dusty air enters the bottom of all iubcs, passes

up tho inside, filtors through the c¢lolth, and leaves thoe compartimont .
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through tho'd;mpur sections, During its 5.2 minute cycle, each section is
simultancously lifted snd dropped in rotation while shut off from tho
fan and vontod to atmosphoro, The cleaning oporation consisté of four
such raps’with back-flow air, - The compartment is ropluaced in sorvice by
* shifting tho damper automutically to its opon position. 1In the test
.unit tho total air flow to the‘fan is governod by the number of compart-
monts filtoring, and the amount of back-flow air enterihg whon orosection
is cleaning.

B. Hsrsey Unit

The reverse=~jot air filtor consists of = cylinder of wool felt

. 18 inches in diameter coanected to a top inlet plenun and & bottom hopper,
Dust deposits on the insido of the c¢ylinder and is blovm into tho hopper
by a reverso-air jet from a slotted ring travgrsing the outsids of tho bag.
Procsure drop through thé bag controls cleaning action by regulating the
smount of rinz travel. (In many applications the ring runﬁ'nll of the time).
Fabrio #elocity veried from 10 to 30 cfm/sq.ft. Previous_laboratéry data
roporéed (3) prossure drops from 1,0 inches wgtor gage to 4.5 incheg water
gage on 1,0 grain/bu.ft. of fly-ash to 8.7 grainé/bd;ft. of telc, respoctively.
Effluont loadings were in the rangs 1075 to 107° grains/cu.f:. It wﬁs slso
" reported that the intensity of reverse-jot aétion and filtra?ion velocity

both diroctly affect the offluent loading.

III. Porformanco Dota ) . -

It is possibio to compare pressurc loss end penetration charecteristics
of the Entoloter and reverse-jot unit from tests at normal industrial
oporu%ing conditions (Teblo I). Loadings range from 0.1 to 1.0 grain/eu.ft.

with tale at filtrotion volocitivs of 7 and 8 cfrn/sq.ft, and from 1,0 to
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5.0 gruinS/Eﬁ:Ft. with ru§u$ponduﬁ (Cottrall préoipitatéd) fly-ash at 10
cfm/sq.ft. |
A. Prossure Loss

In Tadble I, soveral comparisons may be made of pressure loss at
constant inlet loading and filtration velozity. For example, in Tést 1
the roverse-jet unit has a resistance of 1.6 inches water gage at 0,10
grain/bu.ft. of telc and in Test 2, the Entoleter unit has & resistance of
- 3.3 inches water gagze at the same loaaing of the same material, The
Entoleter resistance is doubie aud the average ratio for all tests is 2.3
(sa50 serosol at canstant losding). Although tho reverso-jet unit has a

wool felt baeg which is higher in clesan felt resistance, cleaning by a

TABLE I

Comparisons of Resistance and Efflucent Loading
' for
Hersey Reverse-Jot and Entoleter Bag Collectors

Test ' _Aerosol Capacity Resistence Loeding - gr./cu.ft, Passare
# - cfm/sq.T¢. iwg Inlet Outlet A

1 Hersey® Tale 8 1.6 0.10 0.011x107°  0.011
2 Entoleter " 7 3.3 0.0 1.4 x107% 1.4
3 Hersey " . 8 2.5 1.00 0.27 xlé'3 0.027
4 Entoloter " 7 4.7 . 1.00 2.1 x107° 0,21
5 Herscy Fly-ash 10 | 1.3 1.00 0.36 x10™°  0.036

6 Entoloter " ‘10 IR 1.00 2.2 ;10'3 0.22
7 Horsoy L 1.6 5.00 0.80 x10™°  0.016
8 Entoleter " 10 " 4.6 5.00 4.2 x107%  o0.084

+ 160/ Blow Ring Operation, Slot Velocity 2000 fpm talc,
4200 fpm fly-esh.

. e w " @e wem
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roverso-jot . of air rosults in a lowor operating rosistanco. The cotton

.

.suLOOn usod in tho Entolotor unit does not get the samo degreo of cleaning.
Tho revorse flow air in tho Entoloter amounis to a maximum.of 306 cfm
distrituted over 100 Square feet of'cloth, Oor an sverage reverse ai£ velocity
of 3 fpm, It shoulé bg noted that the primary function of the révcrsé eir
in this device i# to remove the suspended dust dislodged by repping ihe
bags.and to prevent dust leakage to the c¢lean eir side of the unit. The
reverse-jot oporates in the range of 2000 to 4000 fpm over a very small
area at any given time, but travels constantly over the whole filter surface.

If the Entoleter collector were operated at 3 cfm/sg.ft. es in usual
bag filters, instead df 7 or 10, the resistence would be 2 to 3 times lower.
For a given exhaust air volume this would require more collector area, but
it would not reoquire cleaning the bags é; frequently to maintain & specified

.resistanco,

i

~

L

In evelueting these collectors (both at maximum cleaning capacity) it
may be noted that the reverse jet resistances are based on 100 percent blow

Ting operation, The Entoleter cleaning mechenism, howsver, operates only
: / .

«40 minutes per section in 5.2 minutes total cycle and corresponds to 30

- 4 x .40
perc?nt )

possible to estimate tho additionel resistance thet would be reguired to

\ . .
X loejoperation. From NYO 1586, p. 26, Fig. 8, it is

operate the reversc-jet cleening mochenism gt"30 percent. This increase
will bé 25 percent if the 100 percent blow ring operation resistance is

5.0 inches water gage., With loﬁer resistances as indicsted in Tests 1, 3,
5, and 7 the increese 1s probably highor (up to as much as 50 ta 75 percent
for low resistances of 1.5 to 2.0 inches water gage). This will not cause

the roverse-jot rosistanco to exceed thot of the Entoleter, but will put

thom much closor togotlior,
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All rosistances aro oxprossod as averages, Somo indicatlons of tho
ranfo associatod with the avorage oro includod below. In test numbor 8

tho Entoleter rosistance is listed at 4.6 inchos water gage. Tho averagg

nosistnﬂco or prossureo drops across the four sections ware rospectifely

4,2, 4.4, 4.7 and 5.0 inch;s water page. Just bofore shaking Unit IV

(highest) the value was 5.3; immediately after shaking the veluo dropped

to 4.8 inches water gage. Tho averago listed is the average of the four

units (et equilibrium), each wnit at its average operating resistance, In
/

test nunber 7 the reverse-jet resistance is listed as 1.6 inches water

gege. The variation in resistance during one cycle of the blow ring is

~.

from 1.6 (dovmstroke) to 1.7 inches water gege (upsiroke).
B. Penetration | .
The amount of dust leaving the collector per unit air volume is
also geen to be lower in the roverfe—jot collector, The Entoleter (Test 1)
effluent loading at .10 grain/cu, ft. inlet loading of talé’is seon to be
1.4 grains/1000 cu, ft. of air, compered to>0.011 grains/1000 cu., ft. for

AN

the re&erse—jet (Test 2) at the same inlet loading. The effluent loading
from the Entoleter is 130 times higher, 1In tosts 7 and 8 (5.0 grains/cu. fé.
'fly—ash) the Entoleter is only 5 times higher in effluent, On the basis of
all éhe tests shown the Entoletor effluent exceeds the Hersey by a factor

of greater than 5 when the inleb loading {s less than 5.0 grains/&u. ft,

At 8n oversge industrial loading of 1.0 grain/cu. ft. the factor is sbout

-7 for both test dusis.

In filtration through porous materials the deposited surface dust cale
is the principal filtering mochunism (8). In the reverso-jet unit this cake
is dislodgod at only & small arece snd the inconing dust can re-deposit

imnodicstoly in this more porous aron. (Somo question exiects es to how much

:
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of tho dopositod cake is removed), With tho removal of large emounts of

the surfacd cako in tho Entoletor unit moro timec is required to creato a

layor over the larger cleansd area and ponetrntioﬁ is hlghor. This would
be particularly true undor light loading conditions when insufficient

material entors to "bridge" the spaces betwoen fibers. With largor aerosol
poarticles (250 - 60 i) the differoncos between these collectors may becoms
less marked.
C. Eveluation of Different Bag Materials in the Entoleter Unit

As oxplainod above in Section II, the Entoloter unit shakes the
filter bags without appreciable distortion in conjunction with 100 toISOO
¢fm of back flow air, so that it is péssible to use bags of materisls othor
than cotton sateen with lower tensile strength, ﬁigher heat resisteance, qtc.
The following tsble gives comparative déta for cotton séteon, wool felt
(1ight and heavy), Orlon (woven) end glass (wovon, lubricated with siliconoc).
These are compered for light loadings of.atmospheric dust (0.5 p) and copper
sulfate (1 p) without shaking, to get basic performance data.. They are thren
compa%ed with tele and resuspended fly-ash at an average loading of 1,0
grain per cubic foot to get an indicetion of ectual industrisl performeance
while cleaning;:ﬁo standard cycle,

‘ The spproximate order of these fabrics for light loadings with no
shaking, from highest éfficioncy isg gléss, héavy wool, cotton, Orlon, and
light wool. It cen be soon thot the higher efficiencies are associated with
higher resistances, Tho uso of‘henvy loadihgs changes the ;rder slightly,
from lowest penotration: glass, heavy wool, 1igﬁt wool, cotton and Orlon.
A considoration of tho smoothnoss of fiver, and woave (or felt) poro size,
will tond to confirm the sccond list above, Since the dog?eo of depositod

Ny
ooke filtration doponds on tho charactor of tho wmodium upon which tho cake

[
S

2

o7
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Comparisons of Efficiency of Filter Media

A. Atmospheric Dust at 10 cfn/sq.ft.

Fabric Averago Inlet Height
. Resistance Loading Efficiency
S dwg gr/cu.ft, %
Light Wool 0.07 0.10x10-3 75
Orlon 0.10 0.13x1079 60
Cotton 0.29 0.15x10-3 81
Heavy Wool 0.34 0.22x10-3 85
Glass 0.56 0.,058x10"3 82
B. Copper Sulfate at 10 cfn/sq.ft.
Light Wool ' 0.89x10~° 41
Orlon 0.81x10-3 46
Cotton 1.0 x10-3 64
Heavy Wool 1.0 x10-3 71
Glass 0.90x10-3 81
C. Talc at 5 cfm/sq.lt,
Passage
%
Light Wool 5.0 1.0 T0.074
Orlon 8.5 " 0,033
Cotten 5.5 oo 0.098
Heavy %Wool 5.6 " ' 0,034
Glass 5.9 " 0.0063
' : D, Fly-ash &t 10 cfan/sq.ft.
Light Wool 2.6 1,0 0.026
Orlon 2,4 " 0,56
Cotton 3.0 ’ " 0.14
Heavy Wool 2.7 o 0.030
Gless’ 4.7 "

. 0.012
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TABLE II1I

Febric Comparisons
. with
200 gr./sq.ft. of Asbostos Floats, at 10 cfm/sq.ft.

‘aterial Initial Final _ Passajo
Resistanco Resistance .
iwg iwe, %
Orlon ' 0.16 " 0.95 - 1.4
Cotton ‘ 0.36 1.4 ‘ 1.1
Heavy Vool » .- 0.36 0.90 0.72
Glass' 0.81 2.2 0.40

| is deposited, as indicatod sbove (8) as well as the cake itself,

‘

As stated before (NYO 1586, p, 47) the use of the above fsbrics for
low loadings (<0.001 gr./cu.ft.) of radioactive particulstes woulé require

meny hundreds of hours of operation before filter efficiency increased to

90 parcent or grester. Therefore, the above bags have been treated with

asbestos floats as a filter aid and the efficiency aZzain compared on copper
Sulfgts. Those data are given in Table III for a total of 200 grains of
asbestos per square foqt of filter-Surface. The bags were not shaken
during the testing. The same order of rating of fabriﬁ is obtained as

was found in Table II for the basic éfficiency on copper sulfate. (The
final resistance 18 not & direct measu}e of perforéanco}.

The use of asbestos "floats" and glass or Orlon bags can substantially

“incrouse the operating temperature limit for filtration of light serosol

loudings in tho Entoleter colloctor,
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IV. Conclusions
"~ A comparison of the Entoloter collector with iho roverso-jot filtor

at equal filtration velocities, dust loadings and with maximum cloaning

capacity shows (Table I) that Entoloter penetration and rosistanco aro

on the avorage of 7.1 and 2.3'timos highor, rospectively, Theoso data aro

basod upon "standard" fabrios supplied for each unit; cotton for tho

Entoleotor and wool felt for tho reverse-jot unit. |

¥ith wool felt in both collectiors, ponotrations are found to bo
sbout equal for each aerosol tested. Rosistances.of tho Entoleter, howevor,
woré found to be twice as high with fl&—ash and 3.5 times higher witinh tale,
s those of tho reverso-jet filter, ’

Tho wool felt is concludsd to be a better filter fabfic than cottbn
sateen, at the same filtration velocity and the reverss-jet is found to be
& supeorior mathod of ﬁlaaning wool felt,

The Entoleter unit offers tho possibility of & wido choice of £iltor
fabr%cs for spesoial applications, chiefly synthotio fibers for corrosivo
problems, snd glass fiber; for higher.tgmporature tpplications, subjcct to

field sorvice life tests not possible to mocomplish in the laboratory.

/ BIBLIOGRAPHY

‘1. Arthur D. Littlo, Inc,, "Investigation of Stack Gas Filtoring
Roquireoments and Devolopmeni of Suitable Filters. Report 77,
-Conbridgo, Massochusolts, 1949,

2. First, M. W., Silverman, L., ot al, "Air Cloaning Studies," U. S.
L. E. C, Roport No. NYO 15381, Harvard School of Publie Health,
1952,

3, First, M. V., Silverman, L., et al, "Alr Cloaning Studios," U. S,
L. E. C. Roport No, NYO 15686, Harvard Sclhiool of Publiec Houlth,
1963. .




4,

..

WASH-170 e 261

Fricdlander, S. F., Silvorman, L., Drinkor, P., and First, M. V.,
%“Handbook on Alr Cloaning," Vashington, D. C., U,S,A.E.C., 1952,

Caplaxz, K. J., "High affio‘owcy Colloction of Radioactivo Dust",
Roating nnd Vontilating, 48:79 (1951).

Cuplen, K. J, and Mason, M., "Scoond Air Cleaning Seminar for
A.E.C., Porsonnol", Iowa State Collego, Amos, Iowa, Sopt. 15-17,
1952,

Mason, M., "Third Air Cloaning Sominar for AEC Porsonnol™, Los
Xlomos National Laboratory, Los Alemos, Now Mexico, Sopt, 21-23,
1953, :

Silvorwan, L., "Porfornunce of Industrial Aorosol r;ltors , Chom.
Bug. Prog., 475462, 1951,

-n rew v . - T ' E IR R A I




