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There are, in general, two basic typco of fibrous filtcro, tho so-called 
II pap l." or thin-bed filters and the deep-bed filters. Tho distinction bctwecn 
the two is primarily ono of philosophy of application. The deep-bed filtcro arc 
designed to be maintenance-frco.with a life corresponding to that of the entire 
installation or process. Onto they become plugged with dust, the entire unit is 
abnndonod. The paper filters, on tho othor hand, are usually dooignod for a 
limited life, to bo replaced or cleaned periodically. They can, however, also bo 
designed on an abandonment basis. 

A discussion of deep-bed filters was presented at the Ames meeting in the .- 
Fall of 1952. These filters can be considered in two basic categories, the gran- 

. ular or sand type8 and the fibrous types. The discussion at that time dealt 
largely with the relative merits of these two tncs from the standpoint of design, 
performance, and cost. It was shown at that time that fibrous units possess a 
considerable economic advantage over sand filters although long-period large- 
scale experience \:a8 relatively meager for the fibrous type whereas the sand fil- 
ters had an extended backlog of successful operation. 

It is the purposo of the present paper to discuss the fundamental performance 
characteristics of fibrous filters. This discussion is essentially a preview of 
recent developments arisiw from regular thesis work at Ohio State University (12). 

BASIC CONCEPTS 

Methods of Expressing Collection Efficiency: trnile 
of's filter is normally expressed as the fraction,q 

the collection-efficiency 
) of: incoming aerosol particle8 

that are collected in the filter, it is often more convenient to express collection 
efficiency in terms of number of transfer units, Nt, where the number of transfer 
units is related to the fractional collection efficiency by 

-Et : 

rl 1-e z 

or 

It should be noted that the term Nt io Identical to the corresponding term used 
in mass tranofor for tho case whore thcro is a negligible vapor pressure of an 
aboorbod zao or vapor from the: liquid phano. It should also be noted that tho 
term Nt is directly rolatod to the docontamination factor, D.F., which has beon 
vidoly uaod in atomic onorgy applications (l), 
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Nt = 2.303 (DA') 
. 

(3) 
. . . 

Tho deposition of aoroaol particlou on body ourfacoo, ouch ao cylinder0 or 
op?lcres, boo been cuotclr~rily oxproaood in tor?uo of a targot officioncy, T/t, 
do.fincd as tl~e ratio of cross sectional area of tho original guo otroam, from 
which particlco of a givon oizo aro rcmovod bocnuao tho particlo'traJoctory ln- 
toruccto the collecting surface, to tho projoctcd aroa of tho collector in tho 
nominal dlroction of flow. . 

For casts where tho fibors are normal to tho direction of fluw, it ie 
eroadily shown that 

‘It = XP,, A NI;/B~ m (4) 

In the derivation of Equation 4, it is assumed that nt isa constant throughout 
the filter and either that the.fractionnl deposition in any one layer of fiber8 
io small or that thero is complotc mixing of the aoroool between layers, The 
first assumption restricts Equation 4 to homogeneous aerosols.' For heterogeneous 
aerosols, hor:evcr, Equation 11 will still express tho performance characteristics 
for any given particle size if it is recognized that the terms Nt and n in Equa- 

_ tion 1 will then represent the performance for that same size. If the fibers are 
not normal to the direction of flow, an additional orientation factor must be 
provided in Equation 4. , 

If means are availabile for evaluation '7t as a function of particle size, 
fiber size, and operating conditions, it is apparent that Nt may be calculated by 
means of Equation 4 and the corresponding values of n or D.F. from Equations 1 
ad 3, respectively. The subsequent discussion will show how 'It .may be evaluated. 

Deposftion $:echsnisms: The deposition of aerosol particles on a body may be 
due to any one ormore of several mechanisms, where, as shown by numerous invcsti- 
gators, (2)(~~)(~)(6)(7)(8)(~)(10)(11),~ the effectiveness of each mechanism is 
measurab1e.i.n terms of the physical and oFrating conditions by a dimensionless 
group, which uillbe termed a separation number, IV,. These are listed below: 

Deposition Mechanism 

Flow-lino (or Direct) 
Interception 

Inertial Interception 

Diffusion& Doposition 

' Gravitational Deposition 

Electrostctic De;position 

By C'hargce 

By Induction 

Thormal 

Separation Number 
s 

NBOC =k;lEp -/C( 6 Dp u. 

N eoi = k&o Dp2 (bp -6)/pb2 9, u. 

.N,t E: [k/(2 k + kp)' [(T - Tb)/T]{P/k, P Db & 
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A dotnilcd.conlrldorution will, ohow that targot officioncy is a function of . 
aomo two dozen variabloo. ' 
function of scmo l-1/2 dc 

Dy din~cnnionul anulyoio, 771; may then bo shown to bc a 
rz:on dimcnolonloso groups, which include all of the XT, 

tormo liotcd nbovo in cddition to other groups which moaouro mpdifying influcncca 
on tho flow pattcrn and force ficldn. 

For ointplification, it may bo aooumod that eloctrootatic and thormal cffccts 
are negligible. Tho lnttcr will normally be tho case if no marked tcmporaturo 
gradionts aro prorient. The rnagnitudc'of cloctrootutic effects will be diocusocd 
later. With thotiu nooumptiono it may be shown that 

‘It = +(N,f, Nair N,dr Ns6> NRC, E v> (5) 
Relative to other deposition mechanisms , gravitation&l sottling will normally be 
significant only with acroool. particles larger than about 1 micron diameter and 
with collecting bodies larger than some 100 microns diameter when operated at 
low face velocitice. Gravity settling would bo expoctod to act somewhat indo- 
pendently of the other mechanisms with little intoractivo effect. Conscquentiy, 
for most purposes, this may be treated as a separate additivo affect on target 
efficiency, having a magnitude on the order of Nsg. 

To further simplify Equation 5 we may acsume that the modifying influences 
of NR~ and Cv on flow pattern are negligible. Equation 2 then becomes 

'7t = +1 

or, in alternate form8, 

'It = (1’2 

'It =JI3 

. . (6) 

4 

(N N,,) . ’ , 8fj N,d.' (7) 

(N*fr Nsij Nsc) (8) 
. 

where N BC = %r2/%i Nsd = 18 cl/h pp D, ’ (9) 

The term N,, is analogous to the Schmidt number in mass transfer and 
meanureg the interactive effect of flow-line and inertial interception and dif- 
fusional deposition. It should be noted that N,, involves simply the physical 
propertics of the gas and the aerosol particle, 

In order to be able to prodic-t that tars et efficiency from Equations 6,7 or 
8, it is necessary to kno;; the functional relationship bc-twccn the variables. 
Soveral investigators have attempted to dovelop this'rolntionohip analytically 
for conditions where one or tho other of the ssparating mechanisms is controlling. 
To date, however, no general solution has been devolopcd. 
io that of Davies (2). 

The noarost approach 
The purpooo of tho investigation of Ohio State University 

WOB to develop tho rolatlonship exporimontally. . 
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In the experimental invootiGation, a tcot aorooolwno paoood through in- 
dividual pads of fiber mats in sorlos. Collection officlo~~cio~ woro dotoxzinod 
ovor a wido air velocity rango (0.02 to 20 ft,/ooc.) by measuring tho amount of 
aoroool rotainod in'each pad and tho amount passing tho ocriea of pads. 

In order to tnko advantngo of the convonicnco of colorimotric tcchnlquco, 
a dye was sclcctcd for producing the ncronol. Tho tcot aorooolwno prcparod 
from a volatile dye, du Pont "Oil Orange," in a Jargo-scale version of the 
La Nor generator (3). Unlike the La Mcr generator, however, the aerosol was 
formed by quenching the hot dye-vapor-laden air with filtered room air and no 
nucleation was employod. Throughout all the tests, the goncrotor conditions 
were held constant to give a fixed reproducible aerosol as determined by frequent 
checks of filtration officicncy on a given filter-pad arrangement. The size of 

.* .the aerosol particles was determined with jet impactors borrowed from the Univcr- 
elty of Illinois (8). Tho aorosol particles wore relatively uniform but not . 
homoganoous, having a mass median diameter of 0.4 micron and a standard geometric 
deviation of 1.4. It is believed that.tho particles were present in the air 
stream as spherical supercooled droplets of dye, although it is known that they 
crystallize into needles on shock or after a period of 10 to 20 minutes. Con- 
centrations were on the order of 1 to 2 mg. of dye per cu.ft. of air. 

The filter pada consisted of O.l-in. thick layers of glass fiber packed be- 
tween retaining 6creem3. Five,ouch pads were mounted in series in each test. 
Four types of fibers were used at various packing deneities: 

Trade Name Kean Fiber Diameter, 
Fiber No. (Owens-Corning Fiber@3 Corp.) Microns 

, 

F-l Aerocor-PF-Type AA 1.29 
. F-2 Basic 28 . . .7.6 

F-3 Fino Wool 10.7 
F-4 Curly Wool (Type Jl5K) . 29.4 

l 

All test fibers were fired at 400°C. to remove any binder or lubricant. The 
clean-up filters located after the teat pads consisted of two standard Acrocor- 
Pi?-Ty-pe AA rmta in series. The amounts of dye collected on each pad and by tte 
clean-up filters woro determjned by leaching out the dye with benzene and aualyz- 
i.ng the solutions colorlnetrlcally. . 

. 

EXPERIt4EKCAL RESULTS 

FIgurc 1 shows the experirrental results presented in the for4 of a plot of 
transfer units vu. suporficlaJ. air velocity for the various fibers at several 
packing denoitioo. It will be noted that the same type of curve was obtained 
with all the fiborn and packing donoitioo. The high-velocity end roprcoonts the 
region in which lnortlal lntorcoption is tho controlling deposition mochan!.sm. 
As the voJ.oclty lo roducod, inertial doposition boconoo loos cffoctivo and col- 
lection officl6;;lcy (mccr;ured in terms of trraofcr unito) docrcuoos. At volocLtlc~ 
on thu ordor of 1 to 10 ft./not., however, diffuojonnl doposition boccmoo a sf.g- 
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nif lcnnt focior. At lower volocitico, dlffuoion bocomoo tho controlling dopooi- 
tion mcchaniom and collection cfficicncy incrcasos with a further dccroaoo in 
vol.ocity . It will also bo observed that tho curves bccomo flnttor for tho fine 
f  iboro. This reflects the oupcrimpoood offcct of flow-line intcrccption, which 
lo rolntivoJy more pronouncod with the fine fibcro and is indopcndont of gas 
velocity in the n:agJlitudo of its cffoct. 

While tho data are prcscntod directly in F5gure 1, they are of 1ittJ.o 
goncrcl utility in this form. It is ncccooary to gencralizo them in terms of 
fundsmental concoyte. This may be done by using tho data as a means for evaJust- 
*%ng tho oxact nature of the functional relationship implied by Equations 6, 7, 
and8. 

Since the gas propcrtioo and the aerosol particle size were held constant 
throughout this study, the value of the interaction parameter, Nsc, defined by 

. Eouation 9, was constant at a value of 2140. Equation 7 and 8 would now indi- 

*: I 

. ! 

cate, pursu&ant to the asmmptione medo in deriving them, that all the collect\on 
efficiency data expressed aa target efficioncieo, s'hould be unique functions of 
either the inertial intorco?tion number, N,;, and tho flow-line interception 
nwribor, Nsfr or of the diffusional separation nwber, Nsd, and the flow-line in- 
torceptJ.on number, Nsf. In other words, if the target efficiences obtained in 
this study are plotted against either Nsi or Nsd, unique curves should be ob- 
tained for given values of Nsf. 

In Figure 2, the data are shown in the form.of a plot of tergct efficiency, 
f)t, vs. Nsi with Nsf as the pdra*meter. Figure 3 represents the same data plotted 
as target efficiency, rlt, vs. Nsd with Nsf as &e parsmeter. It should be em- 
phmizcd that these two figures are not indepandent; they are merely altexiata 
ways of presenting the same data and it is possible to go from one to the other 
by direct calculation. Since the interaction parameter N,, is constant, once 
any two of the three separation numbers, Nsf, Nsj, and Nsd, are fixed, the t'tird 
is determined (Equation 9). The value of the third parameter is shown as a 
daehed line in each figure. Figures 2 and 3 may be regarded as the graphical 
manifestation of the functional relationships implied by Equations 8 and 7> 
respedtively, for the specific value for khe interaction parameter of 2140. 

. 
l 

DISCUSSION OF RESULTS 

Validity of Assumptions: In deriving Equations 6, 7> and 8, several ass~~~p- 
tiom wore rrsldc. The facthat. the resulting indicated method of correJAt!os chid 
result 3.n unique raJationshipo for the data mey be taken as evidence, althou* 
not proof, that the assumptions were valid within,the precision of the data. In- 
'divJdual.consideration of the various assumptions ~13.1 lend further weight to 
this conclusion. 

.Since the tests were run under eosontielly isothermal conditions, no the,-1 
deposition would be expected. Order-of-magnitude eotlimates also indicated tkt 
deposition by gravity oettllng should b e ncgligiblo over the range of conditions 
employed. Tnio was confimcd cxperimcttally by tho fact that no.oignificant Clf- 
fcrcncco In collection efficiency were obtained when the gao was paoocd horizos- 
tally through t& filter pads or vertically up or dolm tliroup;h tho panda. 

It is known that the Rcynoldo number, hk3) has an influence on the flow i;at- 
torn around single cyl;ndoro and, honco, would bc cnpsctcd to inf'lucnce dez.Dr;:tio;l 
officioncy in thnt CQUO. With proxjmato cyllndoro, co In fibrous filter pads, 
howovor, tho Reynolds number should have no of'fcct provided it is not above a 
value of on tho order of 1. In the cp-ant tcoto t;lo Roynoldo numbor was le~o 

_. 
. 

. 
... ..-. . - . 
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than lo al:.: uoc:~l~ l.c33 ,lml 1. The nbocnco of a Rgynolil;J nwiCr cffcct on tho 
flow pnttcn is furthor oubstaltiatod by the fact that the proouurc drop through 
the psdo v:js oooontinlly a liucnr function of air velocity. For Roynoldo numbers 

. grcator than 10, howovor, n distinct effccf would bo oxpoctcd, although this re- 
gion io beyond the ocopo of tho prcoont test data. 

The data show co distinct offcct of*pnckin(; dcnoity on tarGct cfficicncy 
although there is an indication ttulf; higher donoitles rooult in aomcwhat hiehcr 
target cfficioncieo. Since bed dcnnltioo were not vnriod widely, however, thcoe 
in.dicatiorm are not sufficiently beyond the precision of the mcnouromcnta to be 
conclusive. Actually it would be cxpoctod that higher bed deneities would com- 
preoe the streamlines around the fibers and yield highor target officioncies. 
For the range of dcnoitloa investigated, howcvor, it may be concluded that den- 
sity has no major effect on target efficiency. 

From the fact that a correlation was obtained by neglecting electrostatic 
@*“fCCtX, OX might conclude that electrostatic effects were of no major oignifi- 
cance in these tests. If the electrostatic separation nt&er fOllOwed the mm 
trend in all the testa as one of the other separation numbers, however, this 
conclusio~~ vould not be valid. An examination of the various separation numbers 

.will show that the group Nseir which is a measure of electrostatic deposition by 
induction, \;ould be directly proportional to the diffusional separation number, 
Nbd, if any surface charge, Ebs, had been the same on all the pads tested. kW.10 
this would reprcrent a coincidental condition, it is not an unllkcly one. The 
only direct evidence against this possibility is the fact that the target effi- 
cicncies obtained are of the order of magnitude that would be expected if dlf- 
fusion were a controlling factor in,the absence of inductive deposition. Con- 
sequently, while it cannot be conclusively demonstrated that electrostatic 
effects were absent, it can be concluded that ay such effects that might have 
been present were not major factors. 

‘Corn~ariscn with Other Investigators:‘ --- There are only two sets of data 
available in the literature which are sufficiently complete to approach a baeis 
for coqari. eon. The data of Blasewitz et al (1) dealt with an aerosol thatwas 
quite heterogeneous and, in addition, involved considerable uncertainty ae to 
the magnitude' of the particle size. IA Mer et al (3), while complete in other 
respects, did not measure the pro~rties of the filter pads. Hence, the com- 
parative intcrpretnt:on of their data involves a possible e'rror of several-fold. 
When presented on the same basis as Figures 2 and 3, the data of Blaeewitz snd 
La Mer indicate qualitative aE;rccment with the present data. 

The data in Figtires 2 and 3 sumcat limiting curves for N,f = 0. These 
liavo been dmxa in ao dotted or short-dashed lines. In Figure 2 this limiting 
curve would represent the target efficiency at low Reynolds numibers If enertial 
intcrce$.io:r alone were involved. Langmuir (4) reports a calculated value of 
N,i of 0.27 below which no deposition by inertial intorccpticn can occur at low 
Reynolds om:bars, although he gives no dotails as to tho method of arriving at 
this val:le. This value was used an an asymptote in drawing the limiting curve 
for Nsf = 0 in Figure 2. Also ahown ao a dotted curve in Figure 2 are the 
calculated values reported by 1.angmuir and Bl.03, rrott (3) for p0tont1s.1 flow. 
These values would correspond to tho targe" L efficiencies to bo oqectod 'for puro 
inertial interception at very high Reynolds numbers and ehould be much Grcator 
than thooe for viscous flou. 

Davies (2), Lar,a;nuir (4), Jewis and Smith (k), Ranz (7), and Stairmand (ILL). 
have all dW0lO~K3d approxi-" ,.Lato anulyticnl exprooo5.ono for target efficiencies 
Wider ccnditionn of pure diffusion to single cylindoro. While thoso exproosions 
liffcr by sovoral-fold factors owing to difforoncos in nimplifying assumptions, 

. . . ., . -_. -. I. ..__ __ . . 
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that of Laqpuir,io pro'-ably tho moot accuruto. Languir'o oxprosoion falls bc- 
low thti dotted line of Plguro 3'by a Yactor I&@.~ from O.$-to x-fold. Lcwio 
and Smith ~bl;~Lx~ rosulto 70; hiGhor I;~L'u the dottod line xhi10 Stairmand is 
h.i&cr by a factor of 3. Ran= is in upproximato agrocmont with Langmuir. It 
should bo rcmcnbcrod that thcoo analytical cxprcosiono are for sing10 cylinders, 
RI&or tar& officioncico would bo oxpoctod for proximuto cylindcro. 

API'LICATION 

Figures 2 and 3 c;lvo a qwantitativc representation of dcpooition in fibrous 
filter ncdin at low Reynolds numbers (lcso than 10) in the abscncc of'significant 
thoriil, eloctrootatic, or gravitational effccto. They are specific, however, 
for an interaction number of 2140. To obtain a @neralization of these curvea, 
it would bo necessary to obtain similar curves for a range of the interaction 
number. For hi&or values of the interaction number, the curvcc of constant Nsf 
would, in general lie belo-d those of Figures 2 and 3; while, for lo%%r values of 
K s., the curves of constant Nsf would lie above thooc of Figures 2 and 3. In 
oithor case, horrovor, the curves of constant Nsf would approach those of Figures 
2 and 3 at high values of N or NBi (i.e. at tho right-hand side of each figure). 
In other words, for high va Ed ucs of Nsi and Nsd, the curves of Figures 2 and 3 
would be sensibly indepecdont of N,,. 

To.uoa Figures 2 and 3 for general design estimates in the absence of more 
extensive similar data at other v~d1203 of the interaction number, the followirz 
procedure is suggested. For the specific values of the separation numbers Nsf, 
Noj., ad lf,d involved in a particular problem, calculate from Figures 2 and 3 the 
target efficiency corresponding to each of the three combinationa of two of the 
separation nuCbers. In general, this will yield three velueo for the estimated 
tar.L-pt efficiency, For tho si.nguJar case where the interaction number for the 
specific problem is 2140, these three values of target efficiency will, of necea- 
sity, come out equal. If the interaction number is lese than 2140, use the 
highest of the three tar&et efficiency values obtained. If the interaction num- 
her is greater than 2140, use the lowest of the three target efficiencies ob- 
tained. This al>?roximation should yield estimates that are correct within a 
factor of two for the rang+ e of conditions likely to be of practical interest, 

k method has been przscnted for generalizing the principloa ~ovcrnicg depcsi- 
tion of aerosol psrticles in fibrous packing b-y the mochcnism of flow-line in- 
terceptl on, inertial interception, and diffucional deposition. Experimental data 
have been obtained which exproos theEe principles quantitatively for an lnterac- 
tion number of 2140. In the absence of more oxtcnsjvo data over a rango of in- 
teraction numbori?, a method is suggested for utilizing tho preoont data for 
general deoi;;n or pcrforzzmce cotirzatoo. 

Tho follcmllrig is a list of indlcntcd diroctlonn for further research to fully 
develop the fundc~ontals of aerosol dcpooition in fiJ.tcrs: 

1. Conrlrm~.rl~ nltu. In this field, with its w uncertainties regarding 
basic tochniquon of moaouro:~cnt, it lo oo~>ocialJy dcoirablo to obtain comparisons 
with other data obtained indcpcndont!y and proforably using difforcnt tcchniquon: 
Litorcturo datu currsntly uvniLablo cro not cufficion.tly comyluto to enable quan- 
titativu CG~i~&l-i3GMl to bo r:Ule, 

. . . ..- . . . . . _ -. . . I 
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2. Effect of Intox-::lction Number. Whii1.C nn cip~u~osimto method 10 ouggxtod 
for c:::ployit~~ t1~0 &lt:t prosentod heroin for gcnarr\l dooiC11, it io nccconuly thvlt 
furtlior tilta bo obtained ~vcx*"a wido rango of the ixlteraction numbor (say for ~6, 
ranging from 100 to 100,000). 

3. Effect of Bod Donoity. Data aro roquirod to ootablish the quantitative 
ofi'octo of packing density. The prosont study involvod a rolativoly Jlmitod 
rax~o . Such data 6hould bo extcndod to donoo packings such a~ my be oncountered 
in compxusnod mats. 

4. Effect of Rcyx-xolds Numbor. For practical conditions under which deposi- 
tionsby flow-line intcrccption or diffusion arc oignificant, tho Reynolds number 
should bc sufficiently low that it i6 queotionablc whether tho Roynoldo number 
would have any oimificant scparato influc~~co. For inertial interception, howovcr, 
high wlueo of the Reynolds number, for which marked effect6 would be cxpccted, are 
fqcquently encountcr\sd. 

5. Effect of N:om Free Path of Gas bloleculcs. Inaofar as the mean free path. 
effects the flow around fibcr6, this factor has been essentially ignored by all 
but Langmuir (4) who provides an approximate allowance. In practice it will be 
significant with very fine fibers or at reduced prcscureo. Although not sop- 
rately allowed for, it was probably beginning to be Q significant factor in the 
case of the finest fiber employed in the present 6tudy. 

6. Effect of Other Doposition MeChZdSmB. Considerable work remains to be 
done to evaluate the principles of deposition by gravity, electrostatic, and 
thexmal mechanisms; Ranz (7) (g), in particular, has made a start in this direc- 
tion. 

'I* Effect of Fiber Orientation. There has been essentially no systematic 
work on the quantitative effect of fiber orientation, The present study dealt 
exclusively with fibers mounted perp&di,cular to the gas flow. 

8. Deposition in Granular Solids. There has becn,essentially no fundamental 
work to evaluate tho quantitative principles of deposition in beds of granular 
solids. 

9. Filter Life. The above-indicated needs for further reoearch are aimed 
primarily at developing the fundamentals of deposition. In practice, a far more 
important consideration is that of filter life from the s$andpoint of plugging 
by the particlco deposited in the filter. To date there has been no syotematic 
evaluation of this p,hase. Actualb, before a truly fundsmental analysi6 of fil- 
ter life can be made, it will probably be neceosary to first develop the prin- 
ciples of deposition. 

10. Mcctinical Stability. In practice, the comy?reseive properties of 
fiber6 are an im,mrtant consideration in design of deep-bed filters. Mechanical 
stability with time under corrosive or stressed conditl~na ie al60 vex-y impor- 
tant. * Thcso phares have hardly been touched upon in investigations to date. 

. 

A = face arm of filter pad norm1 to direction of guo flow, sq. cm. 

4, = fiber diameter, cm, I 

DP = aeroool particle diameter, cm. 

Dv = diffuoion coofficicnt for noroool particle = km R T/3 n/-i N Dp,' 6q. cm./occ. 
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k = 

%l = 

kp 
a 

m - 

N - 

NRe = 

N* = 

%3, = 

.- NBd = 

N 8OC = 

%,i = 

Nt 

R. 

BV 

T 

UO 

Ut 

6 

&P 

42 

%J 

thermal conductivi?y of gnti) (cal.~/(cm.)(°K.)(ooc.) 

Stokes-Cunnin&xn corr;ction factor for moan froo path of gas molocule'o, 
dimensionloos. 

thormal conductivity of aerosol prticlo, (ca1.)/(crn.)("K.)(sec.) 

maes of filter pad through which gas flows, grams. 

Avagodro"s number = 6.023 x lo23 mo~.oculoo/(gram mole). 

Reynolds number = Dt, u. P/CC, dimonsionlcso. 

separation number, dImensionless. 

interaction number = 18 p/km py I+,, dimensionless. 

diffusional separation number = Dv/uo Db, dimensionless. 

eleciiostatic Eeparation numbor for effect of charges = km Epcbs/p 6 Dp 
uo, dimensionless. 

electrostatic separation number for effect of induction' = k,EbE Dp2 
C&p - 6)/p b2 Db uo, dimensionleos. 

. 
flow-line interception number = Dp&,, dimensionless. 

gravity separation number = quo, dimensionless. 

inertial interception number = kmPp Dp2 u,/1.8 P Db, dimensionless. 

thermal separation number = [k/(2 k + kp)] [(T - Tb)/Tl [P/km P'Db uo], 
dimensionless. 

. 
number of transfer units, dimensionless. . 

gas constant, 8.31 x 107 (ergs)/(OK.)(gram mole). 

specific surface of fibers, = 4/Db for cylindrical fibers, aq. cm./cu. cm. 

gao temperattire, OH or OC abs. - 

eupx-ficial gas velocity (based on filter face area), un./soc. 

terminal settling velocity of aoroool ~~rticlo in gravity field, cm./aec. 

permittivity of gao, (statcoulombo)2/(dync)(aq. cm.). * 

permlttivity of aoroool partlclo, (3tatcoulomb*)2/(dyn*,)(oq. cm.). _ 

fibor density, g./cu. cm. 

aoroool partlclo dansity, g./cu. cm. 

. . .- L -.’ : . . 
. . . a * . - 

*. 
.‘ 
. . . . . . . m . . . . . . , . . . . 



214 wm-170 

gne viecodity, p0i000, . . . 

1. 

2. 

3. 

4. 
5. 

6. 
7. 

8. 

9. 

10. 

11. 
12. 

fractional voids in filter pad, dimonsionlooo. 
. . 

oloctric chargo on particle, atatcoulombo. 

oloctric chargo on fiber eurfaco,,(otatcoulombo)/(oq. cm.). 

overall fractional collection efficiency, fraction of particles entering 
filter that are dopositod in tho filter pad, dimonoionlooo. 

ratio of cross-sectional area of tho original aerosol stream, from which 
particles of a given sizo'are removed becnuoo tho particlo trajcctoriea 
intorsoct the fiber surface, to the area of tho fibers projected normal 
to the nominal direction of gas flow, dimonsionlooe. 

'a function' of." . 
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