
I. Introduction 

FURTtIER STUDIES OF FABRIC DUST COLLECTORS 

by 

Chnrlos E. Billings, Richnrd Donni~ 
nnd 

Loslfo Silvormo.n 
Ho.rvo.rd School of Public Hoalth 

Dopo.rtmont of Industrio.l Hygione 
55 Shattuck Streat 

Boston 15, Afo.ssa.chusotts 

In conjunction with studies on commercial dust collectors, this 

lnborntory has conducted performance tests on·a Simon Suction Filter 

(Entolotcr) furnishod by the So.foty Car ·Heating and Lighting Company, 

Inc., (Entoloter Division). Arrangements for the loan of this device 

(originally mr.nufa.ctured in Great Brita.in) wero made through the Neh'" 

York Operations Office of tho Atomic Energy Commission. 

~ho Entoleter unit is a multicompnrtment bag collector omploying 

cyclic &utoraatic rapping (assisted by back-flow air) to keop bng 

pros sure losses within n limited rnng,e to insure a nearly constant nir 

handling capo.city. The collector Ho.s intendod primarily for use in the 

flour milling industry r...nd ha.a a filtration capacity of ten cubic feet 

por minute por square foot of.cloth. 

The purposo of test3 conducted by thiG laboratory ~~re to determine 

pori'orme.nce cha.r:uctoristics of' the Entolotor unit on. fino ti.ores ols, 1.e. 

tnlc nnd fly-~sh,2.5 nnd 16 microns mass modia.n dinmotor rospectivoly, 

when opontod a.t ro.tod capacity (10 cfm/:;q.ft. ). 

Co;npo.rioun of tost do.tu with that obtc..inod from e. Horsoy rovorso-jot 
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coll oat or O!)uro.ti;1~ wl th similar o.oro~ols nnd. f iltrnti on vol oci tics porini ts 

bt.•ttor ovo.luo.'tion of tho efficiency nnd p~ossuro loss chnre.cteristics of 

the Entolotor unit. No do.to. ho.s bean published ( oxce pt preliminary do.to. . 

. in NYO 1580 (3)) on the Entolotor collector with dusts whoso si~os o.ro in 

tho ran~e 1.0 to 20 microns. Tho porformo.nco of tho rovorso-jot filter 

hns boon discussod in soverul AEC roports (l,2,3,4) o.nd by Co.plan (5,6) 

nnd Mason (7). 

The results of t'ests on tho Entolotor ·collector do not indicate 

porformance of cyclicly clonnod multicompo.rtmont units used industrially 

at usual low filtration volocities (1 to 3 fpm). 

II. Description and Oporo.tion 

A. Entolotor Unit 

Tho Entoloter unit tested hes four co~partments connected on 

tho botto~ to o. co~~on inlot heo.dor and hopper, and on tho top by moans 

of individual dumpers to a com.~on outlet header. Each co;lpartment con-

tains. eight sateen v.reavo ootton bags si:x: feet long end eight inches ·in 

dinraotor {100 sq. ft. of cloth). The bngs are att~chod at the bottom to 

a manifold plnte and at the top to o. fram3. The manifold nnd frame aro 

cormeotod rigidly tor;othor by rods so that when a. section is rapped the 

bag~ are lifted &nd dropped (about l 1/2 inches) ns n unit, thus prevonting 

disto~tion or collapse of tho.filter tubo3• Tho dnmpors o.t the top of tho 

unit connect to tho lifting g;onr so that when a. co:npartment of bag;s is 

rnppod. prirnory air .flo17 to tho fnn shuts off o.nd the compartment vonts 
I 

to ntmosphoro pormittinz; o. curront of back-flow o.ir to o.ssist the rappine; 

in dust romovnl. 

In normul opornti on dusty nir enters the bottor.1 of all tubes, pv.sst;.:; 

up tho insidv, filtort; throut:;h tho cloth, and lortve:s thu compnrtrr.ont ' 
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throui:;h tho "dumpor soction!;. Durinr; its 5.2 miuuto cycl(I, onch section ii; 

dmultnnoou::;ly liftod vnd dropp1.~d :in rotation \';hllo shut off from tho 

fnn nnd vontod to nt:nosphoro. Tho clco.ninr; oporation consists of four 

su~h rnps with bnck-flow nir~ Tho compnrtmont is roplncod in sotvico by 

shifting tho dnmpor nutomc.tically to its opon position. In tho test 

unit tho totnl air flow to the fnn is govornod by the numbor of compnrt-

mants .f'iltorint;, nnd tho nmount of back-flow air anterine; whon or.::i soction 

B. Horsey Unit 

Tho revorso-jot air filtor consists of s. cJrlindor of h'ool felt 

18 inches in diameter connected to n top inlet plenum nnd n bottom hopper. 

Dust doposits on the insido of ·the cylinder nnd is blo7m into tho hopper 

by n reverso-nir jet from a slotted ring trnvorsing the outsido of tho bag. 

Pro~surv drop through the bag controls cleaning action by regulating tho 
• 

amo\Ult of ring travel. (In mnny applicntions tho ring runs·nll of the time). 

Fabric velocity varied from 10 to 30 cf~/sq.ft. Previous laboratory data 

roported (3) prossuro drop·s from 1.0 inches v:ator gago to 4.5 inches •re.tor . 
gn~o on l.O grain/cu.ft. of fly-ash to 8.7 grains/cu.ft. of i.t>Jc, re;;poctively. 

Ef'i'luont .100.d~ngs were in the rango io-3 to io-5 gra.ins/cu.f-:, It vms also 

reported that the intensity of reverse-jot s.ction and filtn,'.,j on velocity 
I 

'both directly nffect tho uffluont loading. 

III. P0rformunco Data 

It is possi-blo to co;;npare prc:::suro loss and po~otration chara.cteri::tics 

of the Entoloter nnd reverse-jot unit from tos~s at normal industrial 

opornting conditions (Tnblo I). Loadin&~ rnngo from 0.1 to l.O grnin/cu.ft. 

with to.lo at filtrution volocitivr; of 7 nnd 8 cfm/sq.ft. n..'1d from 1.0 to 
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5 .o grul ns/c ~1:ft. with ru~uspondo d (Cottra ll prooipitat~d) fly-nsh nt 10 

cfm/sq.ft. 

A. Prassuro Loss 

In Tab lo I, sovoral compnr lsons mny bo mo.do of pressure loss n~ 

constant .inlet louding; nnd f'iltrution velocity. For oxnmplo, in Test 1 

the rov~rso-jet unit has a resistance of 1.6 inches wnter gaga at 0.10 

grain/cu.ft. of tc.lc and in Test 2, the Entoletcr unit hns e. resistnnco of 

~.3 inches we.tor g,uga nt tho so.mo loo.din::; of the so.mo muteria·l. The 

Entolotcr resistnnco is double and th~ average ratio for all tests is 2.3 

(sa~o nerosol ~t constant loadinb). Although tho revorso-jot unit hns a 

wool felt bag which :Is higher in clean felt resistanco, cleaning by a 

TABLE I 

C ompnri sons of R.esistance and Effluent Loo.ding 
for 

Hersey Rever~e-Jet nnd Entoleter Bag Collectors 

- gr./cu.ft. Test .. Aerosol Capacity Resistnnco Loe.cii ng; Passc:i.ge ,. 
=ti' 

1 

2 

3 

4 

5 

6 

7 

8 

crrri/sq.ft. iwg Inlet Outlet 

Hersey'> Talc 8 1.6 0.10 D.Ollxl0-3 

Entoloter " 7 3.3 0.10 1.4 xl0-3 

F.ersc~' " 8 2.5 1.00 0.27 ::do-3 

Entolcter " 7 4.7 1.00 2.1 :x10-3 

Eerscy Fly-nsh 10 1.3 1.00 o.36 xio-3 

Entolctor " 10 3.1 1.00 2.2 xio-3 

Ho:rsoy II 10 1.6 5.00 
. -3 

O. 80 :xlO 

Ento1€-ter II 10 4.6 5.00 4.2 xio-3 

• 100/. s~low Hine; Opt!!rution, Slot Velocity 2000 fpin tulc, 
'1200 fprn fly-c.:;h. 

,. ·~ ·- _. ...... 

% 

0.011 

1.4 

0.027 

0.21 

0.036 

0.22 

0.016 

O.OM 
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rovurso:--jot. or nir rosults in n. lowor opornti~G rosis~unco. Tho cotton 

sutoon usod in tho Entolotor unit doos not e;t)t tho so.?1:0 cicr,reo of cloo.nin:;. 

Tho revorso flow air in tho Entoloter a.mounts to n mn>:imum of 300 cfm 

~i~tributoci ovor 100 square feet of cloth, or an vvcrnie reverse ~ir velocity 

of 3 fpin. It shoula bQ notod thnt tho primc.ry function of tho revcrso cir 

in this dovico is to re~ove tho suspended dust dislodbed by reppinc tho 

bugs und to prevent dust lenknbe to the cloun uir side of the unit. Tho 

reverse-jot oporntes in tho ranr;o of 2000 to 4000 fpm ovor a. very small 

area at any given time, but travels constantly ovor tho whole filter surface. 

If tho Entoletcr collector were operated nt 3 cfm/sq.ft. es in usuo.l 

bag filters, instead of 7 or 10, the resistence would be 2 to 3 times lower. 

For a given exhaust air volume this would require more collector e.reo., but 

it would not roguiro cleaning the bags a.s frequently to maintuin a specified 

.resiste.nco. 

In evalueting these collectors (both at ~aximum cleaning capacity) it 

may be noted that the reverse jet resistances ar'e based on 100 percent blcrr 

ring operation. The Entoleter cleaning mechanism, however, opero.tos only 
I 

.40 ~inutes per section in 5.2 minutes total cycle ~nd corresponds to 30 

perc:nt(
4 ~.240 x lO~oporation. From NYO 1586, p. 26, Fig. 8, it is 

possible to estimate tho s.ddi tionel rcs5 stance the.t would. be requirod to 

operate the revcrsC:J-jet cleoninb n:ochenism at 30 percent •.. This increase 

will bo 25 percent if tho 100 percent blow rinG operation resists.nee is 

5.0 inches 1..-0.ter gc.ge •. With lower resiste,ncos as indic..ntecl in Tests 1, 3, 
' . 

5, o.nd 7 thu incrcr.se is probnbly hir;hor (up to as much as 50 to 75 porcor.t 

tor low rosjstences of 1.5 to 2.0 inches water gage). This will not caus8 

tho roverso-jot rosistnnco to exccod thot nf the Entolotcr, but will put 

thom much cl o:;or tot:other. 
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All_ rosistnncos nro oxprossod nr. nverucc~. Somo indicotions of tho 

ronco nr.socintod with the nvorcq:;o oro includod bolow. In tost numbor 8 

tho Entolcter rosistc.nco is listed nt 4.6 inchos wnter r;nge. Tho nvorne0 

r.osistf\nco or prossuro drops ncross tho four sections w0re rospoctivoly 

-4.2, 4.4, 4.7 nnd 5.0 inches ~~tor boce. Just bofore shnkinc Unit IV 

(hit,hcst) the value wus 5.3; immcdintoly nftor shnking the vc.luo droppod 

to 4.8 inchos ~~tor gnge. Tho c.vor~go listed is the nverngo of the four 

uni ts (e.t equilibrium), eech unit nt its o.vernge opera.ting resistance. In 
I 

test number 7 the reverse-jet rosistnnco is listed as 1.6 inche& wator 

gage. The varintion in resisto.nco during one cycle of tho blo"l'l ring is 

from 1.6 (do.-mstroke) to 1.7 inches water gar.a (upstroke). 

B. Penetration 

The amount of dust leaving the coll ~tor per lL'1.it air volume is 

also seen to be lower in tne roverse-jot collector. Tho Entoletcr (Test 1) 

effluent loading at .10 r.ra.in/cu. ft. inlet lending of ta.le, is seen to be 

l.4 grains/1000 cu. ft. of air, compered to 0.011 grains/1000 cu. ft. for 

the reverse-jet (Test 2) at the snne inlet loading. The effluont loading 

from the Entoleter is 130 times higher. In tests 7 ·and 8 (5.0 grains/cu. ft. 

fly-&sh) the Entoleter is only 5 times_ higher in effluent. On the basis of 

all the tests shown tho Entoletor effluent excoeds the Hersey by a. i'a.ctor 

of grentcr thun 5 w~1on the inlet louding is le&s thnn 5.0 grfl.ins/cu. ft. 

At an nverage industrinl loading of 1.0 grain/cu. ft. the factor is about 

· 7 for both test dusts. 

In filtration through porous materials tho depositod 5urfe.ce dust cake 

is the principal filtorint; mochunism (8). In tho rovorso-jet unit this cnke 

is dislodt;od nt only n s:r.nll croa nnd tho inco:ninc duct ccm re-deposit 

itn.moc!:i.c.toly in this moro poroua nron. (Somo quc~tion oxicts ac to how z;1uch 

·----------------'--"""""""""''''""'"""" 
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or tho dopoaitod cnko is romovod). With tho ror.10Yul of lnrc;c nniounts of . . . 

the surfncJ cako in tho Entolotor unit moro time is raquirod to crcnto n 

layor ovor tho lnq;cr clcnnvd nren nnd ponotrntion is hir;hor. This v1ould 

bo particularly truo under light londinr; conditions when insu.f~icicnt 

mntorinl ontors to "bridco" tho spncos botwuon fibers. With lnrr;or aoro~ol 

pn•ti_cles (>so - 60 µ) tho differoncos botweon thciso collcictors mny boco:r,o 

less mnrkod. 

C. EYnluo.tion of Different Bae; Viatorials in tlie Entolotor Unit 

As oxplainod a.boYe in Section II, tho Entoloter unit shakos tho 

filter begs with out appreciable distortion in conjunction \ri th 100 'to 300 

cfrn of back flow air, so that it is possible to use bags of mntorials othor 

than cotton sateen with lowor tensile strength, hic;hor heo.t rosistanco, etc. 

The following table gives compe.rc.tive data for cotton sa.teon, wool folt 

(light a.nd heo.vy), Orlon (wovon) and glus5 ( wovon, l ubricatod with silic ono) • . 
These are compared for li~ht loadinis of atmospheric dust (0.5 µ) and cop?cr 

sulfo.te (1 µ) without sho.king, to get basic porforma.r.ce data. They are then 

compared with tulc and resuspended fly-a.sh at an nvero.ge landing of 1.0 . 
gruin per cubic foot to get an indication of actual· industrial performance 

on 
while cleaning/thci standard c~·cle. 

The approxii::-1ate order of these fabrics for lir;ht loadings with no 

6ho.ki.ng, from hightJst efficiency is s glees, ho£\vy wool, cotton, ~·lon, and 

light wool. It co.n be soon thc.t the higher officioncios are associated with 

higher resistances. Tho uso of 'henvy lond:lnf;s chrme;es the order slichtly, 

fro:n lowost penotrntion: glass, houvy wool, light wool, cotton anci C>.-lon. 

A considorntion of tho srnoothnoss ·of .fiber, nnd vroo.ve (or felt) poro size, 

will tond to confirm tho second lict o.bovo, 1Jinco tho dor;rco of dopositod 
"'\ ...... 

oo.ko filtrc,tion doponds cm tho chr.rnctor of tho mod:lum upon which tho cv.~:e 

..... ~ .. .. 
. . 

········-··-··---·----··-----------------.. ---.... -·-·· ........... -.......... .. 
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Light Wool 
Orlon 
Cotton 
Henvy Wool 
Glass 

Light "Hool 
Orlon 
Cotton 
Heavy Wool 
Glass 

Light Wool 
Orlon 
Cotten 
Heavy Wool 
Glass 

Light Wool 
Orlon 
Cotton 
Heavy '!iool 
Gless· 

\ 
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TABLE II 

Compo.risons of Efficiency of Filter Media 

A. At~osphcric Dust ot 10 cfn/sq.ft. 

Avcrnf,o .Inl ot 
Res i sta nee Lo&cB ng 

iwg gr/cu.ft. 

0.07 O. lOxlo-3 
0.10 O.l3xlo-3 
0.29 o.1sx10-3 
0.34 0.22xl0-3 
0.56 o.058xl0-3 

• B. Copper Sulf ete at 10 c~sq.ft. 
o. B9xlo-3 
o.s1x10-3 
l.oxio-3 
l.o x10-3 
0.90xl0-3 

Talc • 5 cfm/sq.ft. c. at 

s.o 1.0 
s.s " 
5.5 II 

5.6 " 
5.9 " 

D. Fly-ash o..t 10 cfrn/_r; 9. ft. 
2.6 l.O 
2.4 II 

3.0 
., 

2.7 " 
4.7 " 

.... -.. -... ' 

Weight 
Efficiency 

% 
75 
60 
81 
85 
82 

41 
46 
64 
71 
81 

Pas sago 
% 

0.074 
0.033 
0.099 
o.oz.4 
0.0063 

0.026 
0.56 
0.14 
0.030 
0.012 



Material 

Orlon 

Cotton 

Heo.vy Wool 

Glass 
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1'.ABLE III 

Fabric Comparisons 
with 

200 hr./sq.ft. of Ashostos Flouts, nt 10 cfm/sq.ft. 

Initinl Final 
Resistance Rosi stnnco 

iwg; i wg, 

0.16 0.95 

o.36 1.4 

0.36 0.90 

0.81 2.2 

• is deposited, a.s indicutod above (8) as well as the cake itself~ 

1.4 

1.1 

o. 72 

0.40 

As stated bofore (NYO 1586 I p, 47) the use or the e.bovo fribrics for 

low loadings ((0.001 gr./cu.ft.) of ra.ciioactive purticuletos woulC: require 

many hundreds of hours of operation before filter efficiency increased to 

90 parcent or granter. Therefore, the above bags hnvo been treated with 

asbestos floats ns a filter a.id and the efficiency again compared on copper 

sulfa.ta. These do.tu are given in Table III for n total of 200 grains of 

asbestos per square foot of fil tor surface. Tho bags wero not shaken 

during tho testing;. The sarr.o order of rat'ing of fabric is obtained as 

was .found in Tnblo II for tho basic efficiency on copper sulfate. (The 

.final rosistfmco is not a dirt.3ct mensure of perfo.rmunco). 

Tho use of asbestos "floo.ts" and glass or Orlon bags can substantially 

incrouso tho opcrnting tornpcro.t:..ire lirriit ror I'iltration of light aerosol 

loudin~s in tho Entolbter colloctor • 

.......... - . .- .... 

I 
«• ··---------------
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IV. Conclusions 

A compr1rison of tho Entolotor col loctor l'lith tho roverso-jot filtor 

nt equnl filtrntton v1..~locitios, dust londi~s nnd mth mn:ximun cloo.ninr; 

cnpnci ty sho·us (Tublo I) thut Entolotor ponetrntion nnd rosisto.nco nro 

on the 9.Vorug;e or 7.1 nnd 2.3 timos highor, rospoctivoly. Thooo do.to. nro 

bnsod upon "sto.ndnrd~ fabrics supplied for ench unit~ cotton for tho 

Entolotor and ~ool felt for tho rovor5e-jot unit. 

With wool folt in both colloctors, ponotrations nre found to bo 

about oquul for eo.ch nerosol tl)stod •. Rosistnnces of tho Entoloter, ho\.;ovor, 

~oro found to bo twice ns high ~~th fly-nsh and 3.5 times higher with to.le, 

as thoso of tho rovorso-jet .filtor. 

Tho wool felt is concludod to be s. better filter fabric than cotto~ 

sateen, n.t the same filtr&tion velocity and tho reverso-jet is found to bo 

a suporior taathod of cloaning wool felt. 

Tho Entolotor unit offers tho possibility of a. \·lido choice of filtor 

fabrics for speoial applications, chiefly synthotio fibers for corrosivo 

probloms, and glas:. fibers for higher tomporo.ture ti.pplicntions. subject to 

field sorvioe life tests not possible to aooomplish in the lnbor~tory. 
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