o C00-1248- 35
O f- 730607--2

FLUID MECHANICS OF THE LAMINAR FLOW AEROSOL TMPACTOR

by4Vifgil A. Matble, Benjamin Y. H. Liu and Kenneth T. Whitby

———————NOTICE
This réport was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United States Atomic Energy
Commission, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
makes any warranty, express of implied, or assumes any ‘
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus, :
_product or process disclosed, or represents that its use P
would not infringe privately owned rights, )

Particle Technology Laboratory
Department of Mechanical Engineering
" University of Minnesota .
Minneapolis, Minnesota 55455 .

March 1973
Parcicle TecﬁnOlogY Lab.oratory:' Pub liCatliO,n No. 198 : _ ’ .
| MASTER
DISTRIBUTION OF THIS DOCL AL
N OF THIS DOCUMENT IS unLiMiTED

E=

. . -



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



ABSTRACT

A study has been made of the fluid mechanics of lamiﬁar flow aefosol'
impactors of both the iectangular and round geometry. .Sfieamiines in a
' rectangular impactor wé:e,obfaingd theoretically'by solvingAtﬁe ﬁavier—Stokesl
equations on a computer, The‘résults werc foundttd Le In good ag£eément.with
e#perimentally generated streamlines in é water model using an eiéétrolytic'
flow visualization technique. Fﬁr;her theoret1ca1 studles 6f the 1mpactor
using the computer solution technlque showed tﬁat the flow field in the
impaction reglon above the 1mpact10n plate is 1nfluenced only to a ve?y
llmlted extent by the impactor throat length whlle the effect due to varl—.
atlons in the Jet—to—plate distance and the Jet’Reynolds number 13 somewhat
larger. Thé boundary layer thickness along the‘impaétion p;aﬁe was found to be

nearly constant, but the thickness was dependent on the jet.Reynolds number

and affected to a very slight extent by the jet-to-plate distance. -




FLUID MECHANICS OF THE LAMINAR FLOW AEROSOL IMPACTOR

by Virgil A. Marple, Benjamin Y. H. iiu and Kenneth T. Whitby

- Introduction

The aerosol impactor, an inertial separation device for collecting air
borne particles, has,been~nidely used for sampling air borne particles for
gravimetric; chemical, neutron—activation, and similar analyses'to‘determine'
the mass concentration, particle Size.distribution? and chemical composition
of the air borne particulates. The device has been extensively used in air
pollution and industrial hygiena ‘ studies, and for asseésing the characteristics
and health hazards of air‘borne particulate matter in general. 'The'instrument'
is relatlvely 1nexpen51ve, simple to operate, nd has easily'understooddper—
formance characteristics. However, its appllcatlon is sonetlmes llmlted by
the possibiiity of particle bounce and reentralnment,land, rn tne case of
cascade impactorslwhich‘are used for particle size distributionlmeasurements,
by the interstage partlcle loss which is not always known..A

Since the first descrlptlon of the cascade 1mpactor by May (1945),
numerous'impactors have been designed and constructed for dlfferent applications.l-?
A-summary of these studies is giuen in Tables 1 and 2'£or both;the'rectangular‘
and the round impactors. fhe pertinent operating conditions and otner iﬁpb%-
tant data are also 1ncluded in these tables.}v |

In contrast to the many experimental studies that have been made on tbe .
1mpactor, there have only been a limited number of theoretlcal studles. 6ne
of the first such studies appears to be that of Baurmash et. al (1949) as
reported by Wilcox (1953). The simple'theory of Baurmash assumes "that the
streamlines over the impaction plate are in the form of circular arcs. Tne

'resulting formula for the impaction efficiency is therefore very approximate.’




Ranz and Wong (19523) used a more fealistic flow field corresponding-td that
of a frictionless stagnation flow in the vicinity of_fhe'stégnaﬁion point,
and their theory was later impréved and refined bylMercer énd'Chow (i958)
and Mercer and Stafford (1959). ' A rigorous theoretical analysis based on'_-
the meﬁhéd of conformal mapping and thé-solution of the Euler'é eduétion

for the flow of a frictionless fluid through a reqtangular‘impactbr was
-given b& Davis an& Aylward (1951). However,.due to viscous boundary layér
effects of real fluids, a realistic analysis of the impactof musp-take intd
- account frictional effects of the fluid for which a solution of the Névier;
Stokes equations is needed. Tﬁe purpose of this.paper is to describe some
“theoretical stuaies based on the numerical solution of the Navier—Stékes
eduatiohé on é digital computer. fhe theoreﬁiéél fléw fields have also been
combared wifh experimental flow [ields obtained b; means of a water model.
Results of thesé comparisons will also be presented.” A summary of fhe.

approximate flow fields used by previous investigators is given in Table 3.

_ Impactor Flow Fields

An examination of the oﬁeréting conditions of féal impacﬁoré iﬁ Tables
1 and 2 shows that the operatiﬁg Reynolds number ééﬁers a range between 80 1
and 22,000; with.mqsthimpactors héving-a'Reynolds number below 7000f In the
-case of a convergent flo& in an impactor, the flow is probably iaminar evéﬁ
»for'relatively high Reynolds numbers although the possibility.of turbulence’
:caﬁnot be ruled out. Undoub;edly'an impacfor theory Baéed'upon turbulent
'flqw would be more complicated than one based on léminar flow. 'We will
assume in this'analysis fhat the flow is laminar even for the highgr Reynoids

numbers.



Theoretical Flow Fields

Assuming laminar flow exists in the impactor, the Navier-Stokes equationé
can be applied. Although analytical solutions to the Navier-Stokes equations

are often difficult,_if not impossible, .to obtain, numerical solutions can be

.obtained usiﬁg'finite difference methods with the aid of a digital computer.

The method used in this analysis closely follows the general solution procedure

described by Gossman, et. al. (1969).

The derivation of the finite difference equation and the corresponding

Avcomputer program is given in detail by Marple (1970). The method of analysis

applies equally well to rectangular and round impactors. The flow field is

‘assumed to be in the x-y plane of a rectangular coordinate system or the r-z

,plane of a cylindrical coordinate system for the recféngular and round

impactors respectively.
The general method of solution is first to express the Navier-Stokes

equations, in the desired coordinate system, in terms of the vorticity and

the stream function. The resulting differehtial.equatioﬁs are then eipressed

in a finite difference form and solved by the method of reléxation'over a gfid

" of node points covering the field of interest.

- Experimental Flow Field

In order td insure that ehe flow field obtained from‘tthtHeorefical
analysis was corfec;, the theoretical st;éamlines were compared with étreamf
lines observed in a water model of the same identicél geometry andloperated
at the.same Reynolds‘number; The wafér model ﬁsga a fiowlvisﬁalizétion' |
technique b;sed on a method réported by Baker (1966) in Whicﬁvgn electrolyte’

pH indicator is used. Dark, visible streamlines were generated by.means‘of

metal wires held at some negative potential which changed the local pH, and




Hence.the color of the solution. A modelling facility was set dp'which‘prd—'
vided a continuous flow of the solution through the impaccec nodel. The clear
Plexiglas model was completely immersed in the liquid solution in'a glass
tank, thus providing a liquid-liquid interface along the ffee streamlines .
emerging from the'impector'exit. Phocography wasAused to reccrd the stream—.

lines for subsequent analysis. A detailed description of this modelling facil-

ity has been given by Marple (1970) .

The contour shape of the model for the two dimensional rectangular impactor .

is shown in Figure l; This model was designed so that both the impaction'plate

and the two horizontal plates above it could be adjusted.’ A‘perforated ﬁlate

was placed transversely across the entrance to provide a flat velocity profile, -

thus providing e-kncwn flow condition at the.entrance. The streamlines were:_
traced by locating nine equally spaced electrodes across the 1mpactor s

entrance. These electrodes were 1nsu1ated wires stretched parallel.to the ldng _ A
direction of the rectangular jet with 1/8 inch of the insulation scraped off
at the center ofleach wire to effectively provlde a_point electrode for gener;‘ g
ating the dark tfaces. -

The throat of the impactor model is 2 centimeters wide by 20.3 centimeters

"long. Since the streamlines were generated at the center of the long dimen-—
sion of the jet to avoid end effects, the data taken can be considered‘as those

for = *vo—dimensional jet. The Reynolds number was based on the hydraullc

diameter whlch is tw1ce the jet width (Re = ngigz) for a two-dimensional Jet

of infinite length-to-width ratio.

Comparison of'Theofetical and Experimental Flow Fields
A comparison of the theoretical and experimental flow fields was made
by solving the finite difference flow field equations for the configuration of

the water model (Figure 1), assuming a flat velocity profile at the impactor .



entrance. In order to insure that the position of the resulting‘theoretical.

streamlines was not influenced by the size of the grid spaeing over'which the
finite difference equations were solved, several.spacinge were tried. Although
they all gave ba31ca11y the same results, the grid spacing Wthh gave good |
. accuracy and yet ‘did not take excessively long computer time is the 18 by 36
line grid indicated in Figure 2. To insure that its flow field would not
change drestically if a smaller gtid spacing was'used;'e finer gtid with'half
the regular grid spacing was also used for one'cese. A eomparieon wae then
made of the correeponding theoretical results. This comparieeh, ehewn in
Figure 2, reveals that.using the smeller'grid.has only a slight effect eﬁ'thet:
position of the streamlines; Thus the larger grid shacing.was-felt to be a
‘good compromise hetween accuracy and computer time.

In Figure 3, the theoretical and exﬁeriﬁental streamiineskfor e rec-
tangular impactor ere compared for S/W = 1, where S is the jet—te—plate distance,,
~and W is the jet width, énduReyholds numhers of 700 and 2300,'which fepreseht‘
the two extreme cases studied experimentally.' The experimental streamlihes .
were-takeh from phdtographs similar to thet shown in Figure 1'. Theiflpositions.-
were measured from the center etreamline ahd cortespondihg etreamlines on eithef
.side of.center ﬁere avetaged.' This teChniqee cctrectee for the siight»asym— :
,metry in the experimental flow fields. The theoretieal Streamiihee were -
started on the seeond grid line ﬁhich Qas approximatel& whete the wites were
" located in the model. |

The cemparison in Figure 3 shows that there is.satisfactgry agreement
between the experimentalland theeretical etteamlinee. The agreement in the .
throat ane impaétionftegions is. within the.accuracy wifh.whﬁeh{the'bOSitibn‘
of experlmental streamlines could be determlned However; s ome discrepanciesn
can be noted in the entrance reglon of the jet, and they appear to ‘be due

to errors in the theoretlcal calculatlons resulting from the finite grld



"spacing used. Figure 2 shows that the. theoretical streamlines obtained

vhen the grid spacing is halved are closer to the experimental results.

Thus if the grid spacing were made still smaller5'better agreement could

.. be expected. ‘ . ' : 4 - o . _ S,

In order to further verify the validity of the calculation'procedure
and computer program, the flow field in the entrance region of a parallel~'

plate channel was analyzed using the grid patternnshOWn‘in_Figureb4. “An

analytical solution for this case has been obtained hy Sparrow; et. al. (1964)

and. can be used for comparison with the present finite difference numerical
solution. A uniform velocity profile was assumed at the entrance in both
cases and the Reynolds number based on twice the jet width was 1000.'

The velocity profiles are compared in Flgure 4 at p031tlons, Y, corre-

sponding to 0.5, 1.5, and 3.0 W from the entrances where W is the channel w1dth

The velocity nroflles given by these two different methods are seen to agree
well, the greatest dlscrepancy being at y = 0.5 W. However, the center 11ne

velocity at this position disagree by only about 17z.

Theoretical Flow Fields for Round and Rectangular Impactors

The above comparisons show that the numerical -solution procedure‘can be

used with confidence for determininé the flow fields'of rectangular impactore;

Thercrore this approach was used to study the rectangular 1mpacLor by system— .

atlc:Lly varylng the jet- to—plate distance, jet Reynolds number and jet
throat lenOth. By making the approprlate changes in the governing equatlons
of the comnuter program, the same approach can be used to study the round
impactoxr. . | | | | |

The contour shape and the corresponding grid lines used for the rectan-
gular and the round impactoré are shown in Figures:S and 9, Both cases have

convergent entrances and straight throat sections. Having a longer entrance



_section was found to be ﬁnnecessary.for the theoretical cglculations since the
fesulting flow fields in the throat and impaction regions'are eséentially the 
same as for the case shown.

The grid lineSIShéwn along the éontopr in Figure 5 are fbr‘S/w = O.S‘And-fdr

~ T/W = 2, where T is.the throat léngth of the impactor. For S/W léss‘than.O.S,
the same number of grid lines between the jetvaxis and the impacfibn'platevweré
used; only their spacing changed.  However, for jet4to¥plate distances larger'
than 0.5, more grid lines were added, thus keebing the grid SpaCiqg of the 10‘
grid lines above the impaction plate the same as in Figure 5. Likewise the '
throat length was varied by chénging the number of grid lines in thié segtion .
while keeping<£he grid spacing constant.

To determine the influehcg of the jet—to—plété distgnce ;on tﬁe.flow field
of the rectangular impactor, the'keynolds number was kept at 3QdO ané tﬂe T/ﬁ |
‘ratio was fixed at one. S/W ratios of 0.25, 0.5, 1; 2, andns, Were‘used.l |

The streamlines and some vélécity profiies for four jet—to—plate distances
_are shown in Figures 5 and 6. The streamlines tﬁrougﬁ tﬁe entire impactor are

shoﬁn only for S/W = 1 and are designated by both the stream function andA-

1
0.5

' streamline of interest and the stagnation streamlines along the impactor axis.

q=1-

, where q is the fraction of the total volumetric flow between the

It can be seen in Figuré 6 that the free streamline émanaﬁiﬁg f%om the -
impacfor wall has reattacheﬁ to the upper boundéry éf the horizontal sectibn
for S/W = 0.25 énd is nearly attached for S/W = 0.5;"Aléo, these figureé shgw
that the flow fieldfin theiimpaction region; i.e.,,tﬁe‘regibn above the.imbéét_
ion plate where the streamiines make substantial cﬁanges ihbdiréctioﬁ, is near-
iy the‘éame fof S/W =1 and 5.

The details of the flow along the impaction pléte is'ﬁade clearer by the =

* velocity profiles along the impaction plate, as shown in Figure 7. This agéin




shows that there‘iéAlitcle change in the flow field near tﬁe imbaction piate
for S/W > 1. It is interesting‘to note that ihelboundary layer thicknéséi
-along tﬁe impaction plate is neariy equal for. the fhfee jet—to—platé.distaﬁces 
shown. | | N

A theoretical Stud§'of,the flow fields in rectaﬁgular imﬁaétors-waé alsoA
made by Davies and Aylward (1951) using the method:of éonformal mapﬁing. In

their theury Lhe velocity tatio

U mean fluid velocity at impactdr exit _ : (1)'

- o
g = —— =
Vo mean fluid velocity at dimpactor throat

.is introduced, and the value of this quantity is determined from the éSymptotic

. position of the free streamline from the impaction plate as.follows:

o = ‘ _w/2 _ (2)
Distance of free streamline from impaction plate . : :

On the basis of the presenflwork, the free streamline émaﬁating froﬁ_tﬁe
impactor tﬁroét wall is séen to reattachlto the upﬁgf boun&ary of the hori—_
.zontal section'fof small jet-to-plate distanées. .This éan be seen in Figufe
6 for S/W = 0.25. The same phenomenon wés.aiso‘observed in-thelmodeliing |

“studies. Thus, for sufficiently small jet—to—plate distancés, o is given by

o = N/2 - 1 A - .' B - (3).
»S . 2(S/W) . T o R

On the other hand, a closer examination of.Figures'S and'6 éhpwé thatifof;S/W z 1'
theivaive of o as given by Equation 2 is approximately equal to one; ‘The‘l |
exact value of a fér a given S/W ratio will, éf coﬁrse,'depena on fhe‘ﬁeynéldS'
number and to a lesser extent on the exact'length of thé horizontal.séctiog |
which has been set to 1.5 W for the preseﬁg_study{ The value of o for the éar—.
ficular impaétor under conside:atién is shown ﬁlotted:as a function of S/W in
Figure 8 together with the valﬁes'predicﬁed bv the potential flow theory of
Davies and Aylward (1951) and experimental dat# of Méréer and Chow (i968); thé

latter being obtained from pressure drop measurements. Note the good agreemcnt



between the present theoretical work and the experimental data.

For the case of the round impactor, the Reynolds number was kept at 3000
and_the T/W ratio was fixed at 2, where W now denotes the th:oat'diametef. S/ .
ratios of 0.125, 0.25, 0.375, 0.5, 2, and 5 were used. Figures 9 and 10 .

present the streamlines and velocity profiles for four S/W ratios. For the

round impactor, q = 1 — — L. , and is numerically equal to the fraction of
o 0.125 ' - '
volumetric flow within that styeamline,

It is of interest to note in Figure 10 that, unlike the rectangular

- impactor, the free streamline does not reattach in the round impactor for

S/W ratios as small as 0.125 and Re = 3000. Howevef, as will be'séen latef,
reattachment of the ffée streamiine does occur when the:Reynolds:ﬁumbef is.
sufficiently small.

Similaf to the cage-for the rectangular impactor, there is a cfitical

point beyond which further increases in the S/W ratio appear to have little

"effect on the flow field in the impaction region.  For the round impactor .

“this occurs at about S/W = 0.5. This-feature can also be seen in Figure~ll,

which shows thé velocity:pfofiles along the impaction plate for S/W ; 0.25,A,
0.5, and 5. figure 11 not only shows that.increasing’S/W beyond,O{SAdoegtno£. 
greatly change the veloéity profile along the pléte,'but that thé-bbundary;
léye: thickness is unaffected by the actual jet-to-plate distance.:n

To study the.effecﬁ of the jet Reyn&lds ﬁumbéf on the flow fiéld,the'
é/w ratio for the recéangular and the round impa@tor was képt at 1 aﬁd 0.5
respectively. The T/W ratio was held at'l fo: botﬁ iﬁpactors wﬁile tﬁe Rey;

nolds numbers were set at 10, 100, 500, 3000, and 25,000.. The streamlines

"for four Reynolds numbers are shown in Figures 5 and 12 for the rectangular

impactor. 4On1y the flow field for Re = 3000 is shown for the round impactor

in Figure 9. For other values of Re, excluding Re = 10, the streamlines in the



- 10

round impactpr were Similar to those shown in Figure 9,Aahd the distance bet&een
. the free streamline and the‘impaetion plate was found‘to increase with decreasing
Reynolds‘numbers. Wheh Re =l10 the flow fills the'region above the-impaetien-
plate similar to that_for the rectangular impactof at.kev= 10. |

This study shows that the flow ié‘changing-eontinuogsly over this range'
| of ReynoldsAnumbers. At Re = 10 the flow £ills the ehtire'ehannel above the,
impaction plate. At Re = 100 the free streamline reattached te the‘upper'>
piate for the rectangulat'impactor, but did not for the round impactor.' Fet_ﬁ
the three larger Reynolds numbers,vthe free‘atreaﬁline did_not reattach.
These figutes alse show that the-bohhdary layer aleng the impaetioa.plate
becomes thinner as the Reyholds number is increased; | o

More can'be aeeh about this-bOundary iayet.from the velheity profilea‘\
_abeve the impaction plateliﬁ Figure 13 where the telocity profiies and.free
streamlines are shown at Re = 10, 3000, and 25,000 fer both the rectangalar
and reund impactqrs. In both cases thete is a iarge change inAthe Qelocityi
prefile:from Re_=‘10 to Re = 3000 and relatively small changes in the proflle
from Re = 3000 to Re = 25,000. However it is of 1nterest to note that the
boundary layer thickness remains essentlally constaht along the 1mpact10n :
plate and 1s smaller for Re = 25,000 than for Re = 3000.

| In order to further define the flow f1e1d the telocity profiles at the

.throat exit are-shpwh in Figurele_for both impacters;. At_lowAReynblas-
numbers (Re = 10 and 100), the velotity reaches a'makﬁnﬁm at the centeriine
and decreases steadily toward‘the w511, At 1atger Reynolde‘humbers
(Re é 3000 for the rectangular imhactor and Re > SOO'fot_the round impaCtot)
the velocity profile is relatively flat over thelcehter half of the jet.
Also shown for the round impaetor is the theoretical.telocit& profile.for the.

case of the potential flow of an inviscid fluid (Luna, 1965) for a jet~to-
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plate diétance of 0.5. For-thié case the ﬁaximum velocity occurs at the

wall bgéause of the potential flow assumption. |
The effect of the throat length on the flow field was_found.to be

negligible for the round impactor when ﬁhe‘T/W ratio was cﬁanged from 0 to

0.25, 1, and 2. T%he Reynolds numbér was constant at 3000 and the jet-to—

_ plate distance was 0.5. " For all four cases the flow field above the impactiori-

plate was nearly the oamc a3 that showa in Flgure 9.

For the case of the rectangular impactor, the T/W ratio was set at 1 and -

10 with Re = 3000 and S/W = 1. Results similar to those:for the round .
impactor were obtained,: indicating a negligible effect on the flow field

above the impaction plate.
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" "'NOMENCLATURE

fraction of total flow between the streamline of interest and
the stagnation streamline along the impactor axis

Reynolds number ;‘EYﬁgH for reétaﬁgular impactor
= E-%—— for round impactor .

radial distance from jet axis, cm
' /v |

jet-to-plate dispénce, cm

throat length, cm

mean fluid velocity at impactor exit,'th/sec.
mean fluid velocity atAthroat,jcm/sec
x—component of fluid vélécity, cm/sec
y~component of fluid velocity, cm/sec
r-component of fluid velocity,'cm/sec
z-component of fluid velocity, cm/sec
Vi /Y,

W,

V%/V04

v /v,

jet width for rectangular impactor, cm
jet diameter for round impactor, cm

transverse distanée from jet axis,.cm
x"/W |
1ongitudiﬁal distance from entrance, cm
y' /4

axial distance from entrance, cm

z' /W
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Vo
fluid viscosity, poise

normal distance from impaction platey cm

W
fluid density, gm/cm3

stream function, cm?/sec for rectangular impactor
cn’/sec for round impactor

P'/VoW for rectangular impactof
Y'/V W2 for round impactor




Experimental Studies of Rectangular Impactors

Table 1 
. = DhV *HE . .
Reference S/wW- Re = = p”hYo Pressure Type* | Special Aerosol
no (atmospheres) studies*#* '
MAY (1945) 1/2-1 | 1400-2700 1 C(4) ‘a-b | Windborne
LIPPMAN (1959) 1/2-1 | 1400-2700. 1 c(4) a Uranium oxides
WELLS .(1967) .46~.69 | 1400-2700 1 c(4) Plutonium & Uranium
. : - L oxides; Polystyrene
spheres .
DAVIES et al (1951)] 1/2-1 |1400-2700 1 c(5) a-b Coal dust
SONKIN (1946) 3000-5000 1 c(4) Glycerol-water—
' : methylene blue:
solution
LASKIN (1949) 1 c(4) Uranium compounds
WILCOX (1953) 11850-6500 1 c(5)
RANZ & WONG (1952a) 1-3 250-16,500 1 s Glycerol
RANZ & WONG (1952b) 1-3 250-16.,500 1 c(4) Glycerol, Ammonium
. : chloride & Sulfurlc
acid
STERN et al (1962) .3-1 }50-3500 .03-.25 ‘s Polystyrene spheres
LUNDGREN (1967) 1 600-6000 1 c(4) a-b Polystyrene spheres
o Uranine dye & Glass
beads
MERCER & CHOW (1968) | 3/8-5 | 1200-7000 - 1 s Polyv1nyltoluene
spheres

*S - single stage impactor
C(n) - cascade impactor (number of staoes)

%% — wall loss studies
b - particle bounce studies

%&AD

h .A
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‘Reference

Pressure.

S/W Typé* Special Aerosol -
. ‘U (atmospheres) studies®*® '
RANZ & WONG (1952a) 1-3 650-22,000 1. s Glycerol
BRINK (1958) 3 1400-6900 1 c(5) Sulfuric acid
PILCHER et. al. (1955) 3/8 1200-12,000 - 1 c(6) - Dibutyl phthalate &
: _ : Polystyrene spheres
MITCHELL & PILCHER | 3/8 |1200-12,000 1 c(6) a Dibutyl phthalate &
(1959) ) Polystyrene spheres
STERN et{ al. (1962) | 1/3-3 .03-.25 s Polystyrene spheres
MCFARLAND & ZELLER .34-1 | 18-650 .0013-.02 | s-M b Methylene blue &
A (1963) ‘Uranine dye _
ZELLER (1965) .34-1 | 18-650 .0013-.02 | c(2)-u b ’
MAY (1965) .375.1.5000-7500 1 c(3) Dye particles :
ANDERSEN (1958) 2-10 |80-380 1 ce)-d | a-b |Carnauba wax & Air—
I § : o ' : borne Microorganisms
| ANDERSEN (1966) 2-10 |{80-380 1 - C(6)-M Carnauba wax.
FLESCH et. al. :2-10 |80-380 1. C(6)-M Methylene blue dye &
(1967) | Polystyrene spheres
PARKER & BUCHHOLZ | 2-10 .05-1 c(6)M | ab |Sodium chloride, PbI
(1968) 35-4 c(6)-M CsNO3, Uranine &
A Methylene blue
plus Uranine
MAY (1964) 2~10 ]100-380 ‘1 C(7)-M ' Bacterial particles
{ERCER & STAFFORD -3/8-10} 600-7000 1 s b Polystyrene spheres
(1969) ‘ :
MCFARLAND & HUSAR 1-1.5 |1500-1900 1 Cc(4)-M b Dye particles
(1967) ‘ .
[ERCER et. al. (1970) |1-2 | 90-1300 1 c(n) a Cesium chloride

*#S — single stage impactor
C(n) - cascade impactor (number of stages)
M - multiple jet

*%a - wall loss studies

b - particle bounce studies

*%4Dp = W



Table 3 fTheoretical Flow Fields

Reference ‘ : . Flow Field

DAVIES & AYLWARD (1951) | Rectangular Impactor‘v'

Ideal Eldid (Potgntial Flow) o

o~ irn

RANZ & WONG (1952a)* .| 'Rectangular Impactor =~
o Ve =2x | ’{—l/2<_><<1[2

vy = <2yf "OF 1-1/2<y<0
Vy =0 for [-1/2>x>1/2

L —1<y<0

Round TImpactor o
vr,~=‘2r.} for {—l/2<r<1/2

Vz = 47 "1/4<Z<0 )
Vz =.0 . for {—l/2>r>1/2
o —l/4<z<0
MERCER & CHOW (1968)% © ‘Rectangular Impactor .
V. = x/B. {?(l+Ax)<x<(l+Ax)-
X
Vy = —y/ Ei} for ~B<y<0 .
vy =0 . for {-(1+Ax)>x>(1+Ax)
4 o ~ ~B<y<0 .
MERCER & STAFFORD (1969)%* Round Impactor :
o o - Vg = -z2/Blgor [-(1HAT)<r<(l+Ar)
Vr =-r/28 . —B<z<0
Vz =0 .° for {—(1+Ar)>r>(1+Ar)
N . —B<z<0
WILCOX (1953)  Assume streamlines make a 90° turn
® X or r
A
. " q 1
/
S 1/2
-1 -8
-} } y or z
sy, ~1/2
‘ .
o+ -1
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