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the tWlgOten wire. Poooibl.y the acroool adhoro to tho aurfnco of the 
plD.tinu.:n better tha.n to tho tune;otcn wire. 

. Figure 2 ie a plot of the oxporirr.ental inertial impaction efficiency curve 
togother with the various thcoroticnl curvoo proposed. The experimental curvo 
agrees closely vith that calculnterl by Landahl and Herrmann based on Thom'o 
flow lines for the RoynoldJJ Number of 10, up to {'1! = 1.4. For values of {'It 
between 0.4 and 1.2, the data indicate impaction efficiencies somewhat a:rw.llcr 
than those ohmm by the curve of Langmuir and Blodgett and considerably smaller 
than the values of Sell, and of Albrecht. Thio to be expected since the 
curves of Langmuir and Blod.¢ett, and Albrecht were baood on the potential flow 
-of an ideal fluid, and that of Sell we.a based on an observed flow pattern ob­
tained at l.aree values of the Reynolds Number on a 10 cm •. cylinder. No compari­
aon can bo made with Davies' theoretical curve since it was based on viscous 
flow at a Reynolds Nu:::her of 0.2, far below the range attainable wi.th the method 
used in tho axperiment. 

For values of ./\II greater than about 1.4, the experimental efficiencies are 
higher than those according to the curves of Langmuir and Blodgett, and Landahl 
and Eerrm.unn. The reason for this discrepancy is not entirely clear. One point 
to be noted is th.at, for high efficiencies of inertial inpa.ction, i.e., effi­
ciencies approaching unity, the :particle trajectories must be nearly :parallel to 
the direction of flow end the particles must cut across the streamlines upstree.r;i. 
of' the wire where the strea.ml.ines begin to spread. In step-wise calculations of 
particle trajectories, it is not practical to start the calculation more than a 
few die.meters (of tho collector) upstream. It is possibJ.o that errors introduced 
by this could cause the ca.lculri.ted impaction efficiencies in the.high. efficiency 
ranee to be lower than the correct "values. . 

The critical value of { '1' at approximately 0.25 shown by the ex]?erimental 
impa.ction agrees vith the values of 0.3 and 0.25 explicitly stated 
by Albrecht, and Langmuir and Blodgett, respectively. The curve of Land.ahl and 
Herrmann also implies that the efficiency of inertial impaction is negligible at 
the value of leas than 0.25. · 

PAHT II. COLLECTION EFFICIENCY PRESSURE DROP OF FIBKa MATS 

The theory of the collection of particles on fibrous filters ha.A been 
studied by Albrecht (1), Langmuir (8), and Davies (3). Albrecht's theory ia 
baoed on the potential flow of an ideal fluid, a condition very different from 
viscous flow which ordinarily takes place in these filtero. Langmuir's theory 
takes into account only two mechanisms of collection, 8J1d Brownian 
diffusion. The experizontal date. of La.Mer (6), and Ram.skill and Anderson (10) 
shcrw that the mechanism. of inertial 11:.paction alno plays an important part in 
the collection efficiency of these filters. However, these authors have not 
evaluated thin mocbanie::n qua.."'lti tativel;y. Davies' theory takes into account all 
of the major of particlo collection. Ro pro:poaod an equation derived 
on theorotical crounde for the efficiency of the fiboro tho filter. The 
present work weo conducted with tho purpose of evaluating quantitatively the 
mechanism of inertial impaction. 

Preacurc drop acrooo fibrouo media has beo.."'l. studied on the basis of tho 
hydraulic re.diuo concopt of Kozeny (:?J and Co..r..:..:."'..D. (2). Davies (;i) studied the 

by d.b:onaioD.LJ.l o.nn.lysis. n,arnll (4) a.nd Lar1.;mu::r (8) dorivod thoo:·eti­
cai for the proosuro drop. The concluaiono or theno authoro arc not 

.:. 
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in good.agrcc:ncnt. Another object·of the preaont work wno to teot tho propoood 
equations experimentally. 

By asou.~ing (a) all fibers in the filter mnt nro perpendicular to ·~he di­
roction of flow; (b) tho fibers do not interfere with each other; o.nd (c) the 
ends of fibers have ne~ligible effect, tho follariing equntiona have been derived 
for the coll.ection efficiency and the pressure drop of the fiber mat: 

i 

where 

ca~) 
7iDf 

h 
71 mat :> 1·- (!ih/No) = l - e 

".) 

hen 2PV'o a 
AP = 

7f Df 

71 mat = coll.action efficiency of the fiber mat 

NhfN0 = fraction of particles :penetrating the_ mat 

a i:: fiber volume fraction, 1. 6., volumo of fib_ers ;per unit 
volume of mat 

Df = diameter of fibers in the mat 

h -= thl.clmesa of the mat 

p : density of the gas 

(l) 

(2) 

Vo s: volur::.etric velocity o:f tho e.eros·ol streo.m passing the n:at 

• 71 • total efficiency of the singl.e fiber 

Cu • drag coefficient; on the single fiber 

In actual fiber I:!B.ts, none of these aoaumptiona in completoJ...y justi~ied. The 
approach followed in the preoont work was to use tho oquationo na banos for cor­
ral.a ting the exp:Jrimental d.nta., incorporating all of the e1"focts which wore not 
already tuken into account as an offoctive fiber efficiency_, ~e, and an effective 
fiber cl!'ag coofi'icient, CJX:i, instead o:e TJ and CD in the oqu.uticns. 

Tb.o fiber ~ts uood DJ. tho preaunt work wore . .fo:.rmod :rro-.1. three typ-::is of 
glaso 1'1bero .r::.n.C.o by Glasn F:l.bers, Inc., Toledo, Ohio, unhanded "B" fibers, "450" 
yarns, and "150" yc.....""'D.o. Tho diru::.otoru of the f'iborn woro :oen.sured under tL.e m­
croacope and woro found to uveruge 3.51, 6.24, and 9.57 microns, respoctivoly. 
Tho muta -wore fo1"7...od by Arthur D. Little, Inc., Cfl..:n.bridse, Hn.aBo.chusetts. Four 
bulk donsities of a:pJ?rox:ir.:n.toJ..y 1.0, 1.3, l.6, a~d 2.0 g./cc. wero for.mod f:roQ 
ea.ch tyJ?O of fibor. Tho thicl::naBu of tho mn.ts rangod fro:n. 0.13 to 0.22 c::i.. 

Moat ~to -woro unifo~ uftcr tho binding up:ont hu.d boon bu.mod off. 
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tion of flcr.r was grouter than. for fibers porpondiculur to the flow. It is con­
cluded that tho pronnuro drop ncrono fibor :mn.ta can be correlated on the bo.oia 
of tho effective fibor drag coefficient • 

." From Equations 1 and 2 and the resulto of the experimental vork, the opti­
mum fiber mat can be derived for filtration of aerosols in the range 1n vhich 
inertial impaction ia the important mochu.nism of collection. 

LITERATURE CITED ./ 
. 1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

9. 

10. 
ll • 

12. 
13. 

A1brecht, F., Pbysik, ~., 32, 48 (1931) • 
Carman, P. C. 1 Trc.ns. Inst. Ch~. En~., (London), 15,. 150 (1937). 
Davies, C. N., Proc. Inst. Mech. En.p:rs. (London), ~ ,!, 185 (19.52). 
Iberal.l, A. S •. , ~·Research Nat. Bur. Stn.ndurd.sJ 1}5, 398 (1950). 
Kozeny, J., Wusserk:::-aft ~· Wusoerwirk, gs, 67, 86 (1927). 
La.V.er, V. K., "Studies ·on Filtration. of .Monodis:pcrse Aerosols", Colw:iliia 
University, Final Report, N.Y.O. Rept. Ho. 512, Ha..rch 31, 1951, A.E.C. Con-

. tract No. AT(30-l)-651. · 
Land.e.hl, R. D. 1 and E:ernnann, R. G., ~. Colloid Sci. / i., 103 ( 1911-9). 
I..angnuir, I., "Filtration cf Aerosol6 ao.d the D~Yt;jlopien:t of Filter l'..a­
terials11, O.S.R.D. Rept. No. 865, Sept. 4, 1942. 
Langmuir, I., and Blo.d.gett, K. B., "?t.athem.atica.1 Inveatie;a.tio:i of' Water 
Droplet Tre.jectories", General Electric Research Laboratory, Schenecta~, 
New York, Rept. No. EL 225, 1944-45. · 
Ram.skill, E. A., and Anderson, W. L., l• Colloid Sci.,§., 416 (1951). 
Ranz, W. E., and Wong, J. B., Arch. Ind. Hyg. Occupational Med.., 5, 464 
. (1952). - - - -
Sell1 w., Forsch. Gebiete In~nieurJ., g_, Forsch~nssheft, 347 (August, 1931). 
Sinclair, D., and Ls.Ner, v. K., ~· ~., §., 245 (1949) .. 

... " .... -
' . -· 



.. 
... 
.. 'f .. 

z 
0 --t-
lJ 

F I G. I. 

' 
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flG. 3. EXPERIMENTAL EFFECTIVE FIBER EFFICIENCIES 
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FILTRATION OF SUBHICRON SIZE AEROSOI.S 
BY FIBROUS MEDIA 

by 

C. Y. Chen, Research Aosociate 
Chemical Corps Contract No. DA-18-108-CML-4789 

The object o~ this research is to study the filtration of aerosol particles 
through a fiber mat both theoroticalJ.y and experimentally. Much work has been 
done on the development o:f new :filter material and on tho measurement of penetra­
tion o:f aerosols through filter :material, but not much has been done on the the-

. oretical prediction of the penetration of filter materials and on the experinental 
study based on the theoretical prediction. The present study is along this line. 

THEORY 

For filtration of uncharged aubmicron size aerosols with uncharged filtering 
·medium, tho particles might be removed either by inertial impaction, direct in­
terception or Brownian diff'usion. To study the filtration of aerosols by fiber 
mats, it is necessary first to learn the filtration or collection efficiency of 
a single fiber which composes the ma.t. 

For single fibers, the efficiency of collection o:f aerosols (77) by any n:.ech­
anism can be expressed as the ratio o:f the croGs sectional area of the original 
stream from which particles of a given size are removed because their trajectories 

· intersect the collector surface to the projected area of the collector in the 
direction of flow. The efficiency of collection by inertia il:lpaction is a func­
tion of 'i1 =(Cpp dp2 v)/(18µ ~) and NRei by direction int~rception, ~ is a function 
of R = C}-p/~ and NRe; and by diffusion, Tl is a function of D = Dm.r/v dr a.n.d NRe. 
The collectio:i. by inertial impaction and difi'usion increases with 'If and D, re­
spectively, and always increases with increase of Nne· The importance of ·direct 
interception increases with increase of R and decreases with increase of \It and D. 

Not ciuch experi~ental work ha.o been done on the coll.cction efficiency of a 
single fiber especially under the conditions present during the filtration by 
fiber r.i.ata,. that is, very low Reynolds number • .Unti1 recently, the calculation· 
of collection efficiency by inertial impaction was based on potential flow which 
can hardly be in the ce.se :i.n the fiber ma-cs when the Reynold.a number is usualJ.y 
much less than 1. Davieo {l) calculated the inertial impaction and d.ii·ect in­
terception on fibers assuming viscous flow. Fror::i. his results, 77 could be plotted 
as a function of~ with R as a paro...uotor. Davios• reoults indicated t~t inertial 
ilnpaction ef:ficiency ba.2·.;d on viocous flow io much lower than that calculated 
:from potential f'low. .Langmuir ( 2) haa derived cq_uationo for predicting the col­
lection efficiency of a single fiber by interception, by diffusion, and by inter­
ception. and cliffusion co::::.bined. Ho derivod his equations .from Lru:ib 1 a equation 
for viacouo flow a.:-ound .a cylindor trnnoveroo to tho flow. Figure l shows tho 
coll.action officiency by diff·uaion and intorcoption at n Reynolds number of io-2. 

366 

-
. ; 

- .. '"' .J . .. . "' .. .. ... .. 
'"""'~""""""~*'""'-'""'""'-·-·-----ff 1-n lll llllllUUWI U~ 



WASH-170 

An in~erooting concluoion from thnoo calculutiono ia tb.o.t the collection effi­
ciency due to both offocta ia hiehor than the oum of tho cfficioncioo duo to tho 
individual offocts nlono. The aumo conclusion cun be dro.wn from tho Dnvieo cul­
culo.tion of the combinod offocta of inertial impaction and intorcoption. . 

Tho ovcrn.11 efficiency duo to .inertin.1 impaction, interception ar...d diffuoion 
is vo-ry difficult.to cn.lculo.te. A ronsonnble assumption is that tho ovcrn.11 ef­
ficiency will be equal to the aum of.the efficiencies due to inertial impaction 
and interception and thn.t due to diffusion and interception. Calculated effi­
ciencies bunod on this aosumption for 2 µ and 3 µ din.motor fiber for different 

.• particle oize and velocity are shown in Figures 2 and 3. 
The orientation of fibers in ordinary fibor mats can be considered as lying 

between two extreme caoes. In the first caso, the fibers a.re dis})3rsed unifo~ 
and far apart and the neighboring fibers a.re staggered with respect to each other. 
In the second case, the fiber in each layer of mat is lined up to form a group of 
capillo.rieo. The ord'inary fiber mat with h:i.gh porosity approximates the first 
case. 

In a fiber mat of the first case with porosity approaching 100 percent,' all 
the fibers are available for collection. It is poosiblo to e.."'Cpress the overall 

··.collection efficiency of this idenl fiber mn.t as a :f'unction of individual fiber 
I 

total collection efficiency T/ as defined above. 
! 

N 4 
- ln - = - ·11· 

No 7f 

1-E L 

€ 
(1) 

This equation applies only when tb.e fibers are far apart and.there a.re no in­
terference effects between neighboring fibers. Actually, the equation is ap­
proxi.n:.::;.tely true for high porosity fiber mats. It is reasonable to e:x:riress tb.e 
neighboring fibor interference effect as a function of interfibar distance, or 
es a function of porosity only for the same type of mat within a narrO"w range of 
.Rynold.a mi....,1)er. Thus, the following equation can be used to express the fiber 
lnat collection efficiency. • 

- N 4 1-E L 
- ln - = - • .,.,. (2) 

No. 7r . <l:r 

F (E) has a limiting value or 1 for mats with porosity of 100 percent; it is 
greater thP.Jl 1 when tho po=osity decreases, u.nd has an asymptotic value for low 
:porosity lilll ts. The .function can be calculated frGI:l proonu.re drop measu.rern.ents 
across the run.t. For a fibor :mnt with porosity approaching 100 :percent with all 
tho f'ibors trensverno to the flow, the pressure drop c~ be e:x::preosed in tho fol­
lowing fonu, based on the Langmuir eCJ.uation for the drag force of ·a. ain¢le cylin-

. der transverse to the flow when Nile io leoo tbnn o;:io: 

16(1- E ) 

l::,p = ----
µL 

2 <it & 

u 
u .. 1, 

... " ...... . . . 
4 " .., I ' 

(3) 
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White (3) has shown tha.t the viscous d.ro.g force for. a singlo cylinder in E.. 

finite conto.inor is higher than that predicted by Lamb's oquo.tion for an iso­
lated cylinder. The deviation is o. function of tho ratio of tho diatonco between 
the. fibor and the container and the fiber diameter. It can be expressed as a 
:function of porosity for fiber mn.ts to account for the effect of neighboring 
fibers. Thia function also has a limiting value of one for 100 percent porooity; 
it increases to an aoyoptotic value for low· porooity mats and vill be approxi­
mately the same t"unction of porosity used above to describe tho neigbbor:L"lg fiber 
interference effect on collection .efficiency. Thus the pressure drop across the 
fiber mat can be e..-cpressed as 

16(1-E). µL 
• F (€) .(4) !lp = ----

dr2 Sc 

From this discussion, we are able to calculate the penetration of a fiber 
mat from the physical factors of the mat (thickness, fiber diame~er and porosity), 
the pressure drop across the ma.t and th8 collection efficiency of a single fiber 
calculated for th~ operating conditions (velocity, particle density and diameter). 

It is now possible to show whether a size of maximum penetration exists for 
a certain fiber mat from the calculation of the single fiber collection effi­
ciency. Table I shows the results for mats of 3µ and 2µ fibers. It is not sur­
prising from the table that the controversy concerning maximum penetration arises. 
It is simply due to the fact that only a few experir:lents have been carried. out 
under very limited experimental conditions. 

TABLE I. PARTICIE SIZE AT MAXIMUM PENETRATION 

Particle density = l g./cc. 

Averege Velocity 

in mat 
c:m./sec. 

O.l. 
1 
6 

10 
40 

100 

For Fiber Size 
3 microns 

dp 
microns 

0.52 
0.-28 
0.19 
0.15 
O.ll 
0.075 

Fo~ Fiber Size 
2 microns 

. d p 
micron a 

o.45 
0.23 
0.16 
0.14 
0.10 
0.070-

A ·Lal·~or-Sincla.ir tY]Xl homogeneous liquid aerosol generator was built for 
this otuG.y with DOI' e.'s acronol r.w.terio.l. The purticle eizo wua moaourcd ci ther 
by tho polarization "Owl", tho growth method (4), or by tho diffusion bn.ttory (5) 

· .. 
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depending on tho rongo or tho size' of tho particloo. Penetration throueh the 
mat vc.s moa.ourcd by the NnL-E3 pontromotor. 'Extonoivo :ponotro.tion m.eaourcmonta 
on air-formed B glaoo fibor mats ero in progroso. The preoont mo.to ucod contain 
a vido range of fiber size •. Some of the initial experiments indicate that the 
theory ie quite aatiofactory. . 

Table II conto.ina some experimonto.l results compared with the theor-J aaoum­
ing the dia.n:.eter of fibor is 3.5 microns. The actunl sizo of tho fiboro has a 
vide range of distribution and.the avoruge size is about 3.5 microns. 

CONCWSIONS 

. TABLE II. COMPARISON OF EXPERIMENTAL RESUL'l'S 
WITH THEORETICAL PR.'SDICTION 

!!_ glass fiber zr.at porosity 98.€J}i; thickness 1.2 cm.. 

Aerosol material: DOP; particle size, 0.30 µ 

Velocity 
cm./sec. 

26.8 
12.0 

5.33 
2.98 
l.69 
o.89 

71 
From Ex"Dt. 

2.29 x io-2 
2.61 
2.70 
2.66 

'3.85 
4.35 

Tl 
. by calculation 

based on df = 3.5 µ 

2.58 x io-2 
2.38 
2.76 
3.16 
3.48 
4.lff 

Fram the e..;::perimental. data available at the present timo, the results agr13e 
vi.th the theoretical prediction fairly well. Additional. experimental work is in 
progress. The results indicate that the penetration of a fiber mat for the first 
time can be predicted by theoretical c~lculation. Aloo 1 the developnent of a 
new filter II.B.terial can be IlW.de on a scientific basis rather than by a cut-El:!:l.~­
try method. The controversy on whethe~ a maximum ~enetration size exists has 
been s.olved by thoorotical calculations and the experimental confirmation of the 
theory will be preoented in the near f'uture. 

NOMENCV\TURE 

C • empirical correction for resistance of air to the mover:ont or 
em.all particles (at roam tom)!erature a.nd. atmoaJ?horic prosouro, 
C • l + O.lb/dp, where dp is purtir.:lo din:netor in microns). 

dp • particl.o d~ruuetor 

v ~ upstrerun velocity or avorage volocity 

·- ..... 
. ..... .... ........ .. 

. . . 
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dt ~ fiber uiar~otor 

D.aM = Brown.ion diffusion coofficient of aerosol particl~a 

N/N0 = fraction of :penotrution .of aerooo~ through fiber mat 

L = thickness of fiber mat 

llP • pressure drop acroso fiber mat 

lb. ma.so x ft. 
Sc = conversion factor, 32.2 ~~~~~~~~ 

lb. force x sec.2 

F(€) = a f'unction of porosi'ty representing neighboring fiber inter­
ference effect 

D = diffusion parameter, 
.· v df' 

R = interception parameter, dp/dr 

' . CPp d-p2 v 
'1t = inertia parru!l.eter 

i -, 
Pp = particle density 

P = fluid density 

.µ = fluid viscosity 

18 µ dt 

/-

~-collection efficiency of a single fiber 

€ • porosity of fiber mat 

• 
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INFllJENCES OF ELECTROSTATIC FORCES 
ON THE DEPOSITION OF AEROSOLS 

by 

H.. F. Kraemer 
Ethyl Corporation Fellow in Chemica1 Engineering 

In recent years aeveral studies have been made on the·mechanisms by which 
particulates can be removed from an aerosol. Al.though emphasis has been placed 
~n the inertial ~echanism of collection, the effects of small electrostatic 
charges on the aerosol particles and on the coD.ecting surface m.ust not be over­
looked in promoting the collection efficiency. Many natural aerosolo are elec­
trically charged, as are some collecting surfaces such as the fibers in a resin­
vool filter. Uncharged surfaces or aerosols readily can be given an electric 
charge, thereby increasing the separation of particles from the aerosol. 

The.utilization of electrostatic forces in promoting aerosol deposition may 
be advantageous in several ways. The foremost advantage is the high collection 
efficiency (based on projected cross-sectional area of the collector) that is 
possible. Althou[;h a collection efficiency of more th.a..~ 100 percent is not pos­
sible when only inertial forces are used, efficiencies of 10,000 percent or 
higher may be achieved if both the col..lector and the aerosol are charged.* The 
collecLic;:, efficiency using electrostatic forces remsins high even for eub­
micron particles; although inertial forces in this case may be negligible. 
Another consideration is the fact that electrostatic mechanisms of collection 
require low aerosol velocities of flow across the collecting surface. The pres­
sure drops in the system conse~uently will be much lower than would be the case 
for sinilar collection by the inertial mechanism. 
. . The purpose of the current research is t-o investigate the mechanisms of 

aerosol dopos·ition under the influence of electrostatic :forces and to indicate 
_the conditions a.nd ty~s of equi~ment wherein electrical charging may be bene­
ficial. 

~ORY 

Studies are being made of the motion of a·cbnrge~ aerosol particle flowing 
past· u sinclo sphcrjca.l collector Figure 1. ·The collection efficiency can be 
calculti.ted theoreticaD.y if the outeri:..ost limiting trajectory io known for tho 
aerosol particles just grazin3 the collector. 

The differential equations of motion of a single aerosol particle approach­
ing the sp:c.i.erictl colloctor a=o glven in Figure 2-. The equations are derived 
tram force balances of the fluid rusiatance and of tho olectrostatic·forces of 

' I 

*The collection officiency ie defined an the fraction of the aerosol re-
:r::::.oved. frc-:n. a -;.ube of ga.a eubtond.od by the collocting obstacle as the gas flows 
:po.st. 
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attraction between (1) n chn.rccd collector and u ch.urged 'o.eroaol (po.remoter KE), 
(2) a chnrgcd collector and its i.mo.go in an unchnre;cd o.oroool po.rticlo (pura=oter 
KI), (3) a ch:irr;cd n.croool o.nd i ta imago in o.n unchnre;od collector (po.ra."1otcrs 
KM and Ks). The ocvoro.l clcctrostntic forces con be shown to bo approXD:lll.tcly 
additive. Potential flow otrorunlinos and Stokes' l.n.w aro also used in deriving 
the equntions. Since tho differential equations have been mnde dimenoionleso, 
all of the experimental vario.bleo are contained in the dimenoionlesa pnrometers 

. KE, Kr, ~1' Ks Figure 3. 
Although the solution of the two oim.ulto.neouo differential equationo is 

possible only by a numerical method, order of magnitude solutions may be obtained 
·by ignoring the bendine; of the air streamlines around the spherical collector 

and by considering only one collection parameter, KE, K1, )rs or KM, at a ti.mo. 
Tho numerical solution of the trajectory equations has been completed by 

mee.ns of the electronic digital computer, the ILLIAC. Collection efficiencies 
'W'ere calculated for a range of' values of the four parameters, KE, K1, Ks and K'f.i• 
Some of the results are shown in Figure 4. . · 

In order to interpolate between solutions obtained with the computer, the· 
collection efficiencies and the collection para.meters may be col?-"elated by curve­
fi tting with a high-order multivariate polynomial. 

! 

EXPERIMENTAL EQUIPMENT AND.PROCEDURE 

The equipment is shmm in Figure 5. A dioctylphthalate (DOP) fog is :pro­
duced by condensation of the vapor in the presence of salt nuclei. The particle 
diameter is about 0.8 ± 0.2 micron. The aerosol is charged electrica.lJ.y by pass­
ing it through coaxial electrodes in a state of corona. Charges of +10 to +Bo 
electronic unite can be obtained. A deocription of the mechanism of the charg­
ing process and or the method of measuring the charges on the a~rosol particles 
'W'as given at the Ames Conf'erence in 1952. 

The charged aerosol then flows past the sphericul collector -which i's a 7 /16" 
steel ball mounted on the end of a semi-conducting cone. The cone acts as an 
electrostatic shield around the wire connecting the sphere to a high voltage D.C. 
power supply (0-10,000 volts). Without it, the electric charge on the wire a:f­
fects the collection on the sphere. 

The electrical.charge on the aerosol is determined from the deflection of a 
strea."!ler of aerosol f'lo-wing in a transvurse electric field. The aerosol i.a 
carried .thro'J.g.h the field by an envelo:pe of moving air. The size of' the p·s.rti­
cles is measured by the "Owl" and by a. high velocity caacad.e imp9.ctor. Tho ::nass 
concentration of the aerosol is determined by_preci:pitation of a sample' in a 
om.a.ll glass and platinum Cottrell preci:pitator. 

The collection efficiency is determinod experi:rnontal~ by measuring the 
Bl:l.Oun.t of aerosol deposited on the s:phe~e und in the so.mpling Cottrell precipi­
tator. The DOP is removed from the collecting surfaces by washing with etbyl 
alcohol and the concentration found.by ultra-violet s:pectrophotomotry. Collec­
tion on the sphere rangea·f'rom l to 10 microgra.n::..s of OOP per minute~ 

EXPERJ:·~AL RESULTS 

• 

The preliminary data are shown in Figuroa 6 and 7. The inertial parn..-:;otcr '11 
is about io-6. Accoruing to theory, tho inertial forcoa should thereforo h!l.ve n 
negli5iblo effect on tho depooition • 

. .. ~-------". 
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T~e actual col:uction ugreco a~proximntely vith tho.t predicted by thoorJ. 
In the caoe o:f the uncharged aoroool flowing l'loar a chure;od collector, tho data 
have a high oxporimcntal variability on accou.'lt of the am.a.11 Q!llounta of DOP that 
were collected and moaoured. 

· In Figure 7 the do.ta are plotted vorsuo a modified parameter. Whenever a 
collector ia grounded, even through a·high reoiste.ncu, charges are induced on 
the collector by all the surrounding charged :particles. This induced charge 
occurs in addition to the image and void apace effects described by the param­
eters K.v. and Ks. The induced charge is calculated by an integration process and 
its contribution to deposition is combined with that of the Ks paru.."'leter. The 
combined parameter is Ks· Figure 7 illustrates data in which the induced charge 
resulting fro~ grounding the collector was the major factor influencing deposi­
tion. 

PRELIMINARY CONCIUSIONS 

A practical application of electrostatic forces is illustrated in the use 
of charged water droplets for collection of aerosol :part.icleo whlch themselves 
are charged by :passage through a corona discharge. An electrified wet scrubber 
would ha.ve several advantages over both the conventional wet cyclone and the 
Cottrell precipitator. Compared to a conventional scrubber, the electrified 
scrubber should provide better removal of eubmicron aerosol :particles. Con­
versely, it would require leas water and could operate at lower velocities and 
pressure drops for the same effi,ciency of aerosol removal. Furthermore, it 
vould have several advantages over the Cottrell precipitator. The precipitated 
material would be removed continuouoly on the s'urf'aces of' the spray d.ro:pleto, 
thereby el:Lrr.inating the problems often encountered in procipi ta tins dusts that 
have a tendency for reentrainm.ent. The retention tir:le in an electrified scrub­
ber wa~ld be lower than in a Cottrell precipitator because an aerosol particle 
must travel a shorter distance to the nearest spray clroplet. Alao, the e.loc­
trified. scrubber would. be operatod at relatively lower vol.tagea (1000 to 10,000 
volts) since the collection distances arc BlllELller. 

An electrified spray scrubber is now·being conatruc~ed to evaluate its 
:potentialities. , 
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- Angular Velocity of Aerosol Particle 

d6 • - (2r3 + 1) sine 
dt . 2r" 

Radial Velocity of Aerosol Particle 
- I 

(r3 - 1) 9 . (KE + . Xs) Kr 
sin - - - - XM 

a ~ :a rs r -.... __ ~.- r 

. Potential Flov vith Eloctrost~tic Forces and 
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flC. 4 THEORETICAL COLLECTION 
EFFICIENCY - SOME NUMERICAL 
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rte. 6. COMPARISON OF THEORY AND 
EXPERIMENTAL DATA FOR COLLECTION 
ON A CHARGED SPHERE. 
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FIG. 7-COMPARISON OF THEORY 
AND EXPERIMENTAL DATA FOR 
COLLECTION OF CHARGED PARTICLES 
ON GROUNDED SPHERE 
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