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ASSTRAC

SOLA-DnIs ● three-dimensional finite-diff?rertce
coaputer code dest~d to model the dynamics of an
inccmpr-ssibie fluid and the transport of dl,screte
particulate material around obstacles impervious
to flint. Tha nuarical aethods used in this cede
●ro dezcribed. SOIA-mt was used to predict the
particle f~ux samplad by th$ 10-m Dorr-Oli$.!er CY-
clon~ and MINIM dust aonitors. Various gecmet-
ric and d~ic variations of aonitor ●nd ●irflow
c=binatlons were tested. The code predictions cre
stmun in c~i~ter-generated graphic plots.

m Imprwsd understanding of the fiuid dynamics
●nd particulate tra,.sport ●s related to dust aoni-
ter sampling is desirable. The ●3encies concerned
with monitorin~ respirable dust must contend with
●rrors caused by wind velocity, supling velocity,
samplor inlet orientations, and gooaetric configu-
rations. These erroro, *irh collectively •r~
tertssd “’inlet bias,= have been studied using mostly
aapirical umods. Howwert under the ●uspices of
the U.S. Bureau of Ui.Ies, us have d?velopad b cas-
puter oodal that simlstes the ●irfl- and particle
tranuport around vdrmurn sampling 6evices ●nd then
protlicts the parti..le sampling rmto.

In the sttctmd section, us describe the three-
dimensiomi m.merical method (foLA-DM) us used,
The BOLA-DMcomputer coda SO1°.teSthe finite-
diff.rmce 4)pptOXiMetlon to th. Navier-stokes
●quations ●nd the continuity muatiun for au
incompressible fluid. m~ nuterical model for
particl~ transport simulates th~ inerticl, pres-
sure differential, dra9, and body forces, Xn
Sec. 111, we describo usin9 SCM-ON to simllate
the fluid ●nd particle flou ●round the Cyckute and
MINIRAMdust aonitore mn!trics~ly, Por Clority,
our discussion inciudcs c~tor.9onerato4 plots of
tho computational mash configuration and Velocity
plots O( the fi~ field. Thsfii in thn next sec-
tion, ue presmt the computotbnal prwlictions of
the sampled particle flux for the tius! mMitOtM.
in tha final soctiort, w discuss the uue of SOLA-U!!
for these calculations ●d make recantations (or
future studia..

MASTER

SoLA-on : A TNREE-DIKSNSIONALNUHSRICALNSTWD

SCM-M (Wilson ●t ●l., 1987) is ● computer code
for modeling the dyr.aaics of an inc~ressibls
fluid and the transport of discrete particulate M-
tericl in three spatial dimensions. SOLA-m is ●

madified version of the BOLA-3Dcode, @tlch has
been used (in various forma) for ● variety of ap-
plications (Notchkiss ●nd Hirt, 1972; Nichols and
Mirt, 1972: and Mirt and Rauhau, 1976). The BoLA-
DM code is described in dotaik in a LOXAISICOSNa-
tional Laboratory raport that is in preparation.

SCM-CM solves the three-dimensional Navier-
Stokes equations for tha fluid velocity cc+onents.
l?te differential equations ●ra written in tmtu of
Cartesian coordinates (x, y, and z). For cylindri-
cal coordinates (r, 0, ●nd z), the x coordinate is
interpr~tad u tho radial direction; the y coordi-
nate is transformed to the ●ziauthtl coordinate,
rO: ●nd % is used ●s the axial coordinate. Several
terms wst ba ●dded to the Cartesian aqurntlonn of
motion for cylindrical 9ecmatry. The foIlouing
equations hcludo those teru by using the coeffi-
cient K, where K ● O corresponds to Cartesian coor-
dinates and ~ = 1 corresponds to cylindrical cmr-
dinates. The nomenttn ●quations ●re written as

T4ta valocity coqmrtents (u, v, ●nd w) ●re in the
coordinate directions (x, y, ●nd z or r, 0, and z):
P is the fluid pressure, p, divided by the constant
fluid density, p; 9X, 9 , ●nd g ●re body ●cc@l*ra-
tbrw: NM f~, fy, ●nd !2 ●re VLICOU. ●ccelerat ions
Wri:tout with the constant kinematic viscosity \
(uhere v “ uIP):

Ifx.vdd!d, ( Aau-L-2kY
8K2 4y2 8Z2 U ax
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The mass conservation ●quation 1s expressed in
terms of the continuity condltlcm:

(3)

The nmerlcal solution of these ●quations uses a

finite-difference mesh of parallelepipeds CC!IS with
adqe lengths of Axi. d
scripts refer to the i~a’c%: :Xk;hYSrjJ2j%j
the jch cell in the y direction, and the kth cell
in the z dircctlon. The fluid mesh ragion ca-
prisas IBARcells in the x direction, JBRR cells in
tha y directlcm, ●nd KBAR cells in the z dtrectton,
The fluid mesh region is surrounded by ● single
layer of fictitious calls that aro used to set
brrundary conditicma. Thus, there are usually
(ISAR + 2) ‘ (JBM + 2) ● (KBAI? ● 2) celle in ●

mesh. using the Lmundary cello properly eliminates
the need for special ftnite-difference ●quations ●t
the boundaries. SOtA-DM has ●n autmatic mesh qen-
●rater thut construct ● mesh of ccxnputational
cells with varying spatial resolutions determined
by t faw input parameters.

A cycle of calculation to mdvancc the firm con-
figuration through ● time interval, bt, consists of
the follminq t= major steps.

1.

2.

Finite-difference ●pproximations of the ~ntum
tluations [Eqs. (1)] are used to obtain guesses
for new time-level velocities based on the ini-
tial conditions or previous time-level values
for ●ll ●dvactive, viscous, prawsure qradlents
and body acceleration terms, The neu veloci-
ties will not nocemsarily satisfy the lncom-
presmibllity condition [Eq. (2)].

The prcsrnure Is ●djusted in ●ach cell to ermure
that-tho finit@-diCfer?nca ●pprorimatlon of
cq. (2) is ●atisfied These pressure adjust-
ments H8t be done Iteratively becau~e a chanqe
in prensure in one cell will upset the balance
in nciqihbortnq cells. Suitable bundary condi-
tions must b@ Impoetd at ●ll me-h kundaries ●t
each stop, TM n-er of lterutlon nweps
throuqh the mernh that ●re rweded to get ● de-
sired ievel of convergence to Flq, (2) in ●il
COIIS varies with ●a<h problem. Typically, more
iterations ●ro required to qat a problem ~tartad
because large ln~tltl flw trarl:icnts require
Iarqe pressuro ●djuatm~nts. Fewer it@r@tl*s
ale required as neariy steady CIIM conditions
@re approached, The iteration number drops to
unity when steady conditions ●re raached.

Fr(tm ● mathematical point of viaw, th~ iteration
process is us~d to obtain the solution of ● Poluson
●qUatlon for pre~sure, but this equation is tit
wrllten ●xplicitly in the cod., Prr- ● phynlcal

standpoint , the plessure Iteration Is necessary to

account for the lon,~-range influence of rapidly
propagating acoustic pressure waves that malntaln a
uniform density. In the original SOIA cdes (Htrt

et al., 1975), the pressure was adjusted for ●ach
cell (step 2 atmve) using a Nevton-Raphson itera-
tion. Ha+ever, SOM-M uses the preconditioned
conlugate residual method, which first was ●pplied
to a SOLR code by Daly and Torrey (Daly and Torrey,
1984). This iterative scheme as used here is dt-
scribed in detail in the SOIA-DH report in prepara-
tion (Wilson et ●l., 1987).

A complete fluid dynamics iteration cycle re-
qulreu that the velocity and pressure be updated at
all mesh twxmdaries. Tha mesh boundaries may be
risld no-slip, for which the normal velocity ●t the
boundary is zero ●nd the tangential velocity at the
boundary is zero or free-slip, for which the normal
velocity ●t the boundary is zero ●nd the tangential
vel~ity gradient ●t the boundary is zero; contlnu-
●tive outflw, for uhich the normal vel=ity deriv-
●tive is set to zaro vhen ●pplying the mnttm
equations ●nd the tangential velocity gradient is
zero. A peridic ~ndary condition for ●ny direc-
tion can be specified. A constant pressure bound-
ary conditiom at ●ny ficticioum cell boundary is
set by keeping the pressure cmstant in tha layer
of fluid CC1lS ●djacent to the boundar~ ●nd other-
wise treating the Wndary ●s contlnuative Outflm.
Any of these ~ndar~ conditions can be imposed by
9etting input nmbers. The usar can ●pacify in-
or outflw boundary conditions in tha program.

Internal mesh cells may be defined ●s opaque to
flw. These obstacle cells Are set by input num-
Mrs. All six faces of an obstacle cell have zero
valoclty, ●nd the call praasure is zaro. 3imilar-
ly, ●ny net of cell faces may be sparlfied as
opaque to 11-, effectively creating ● thin l.all.

S&h-DM mdels the transport of discrete parti-
cles within the fluid mesh, The numerical -el
for patticle transport simulaten the inertial.
pressure differential, drag, and bcdy forces. In
cylindrical coordinates, centrifugal force ●l~o i-
included. The drag force, PD. may be defin~d ●s
proportional to tha prduct of the cross-mectional
●rea of the particle ●nd he dynamic precsure; that
In,

‘D
■ CD(sr 2, (~’) (Ur

P2
- up+ , (4)

where rp ifIttw part iclr radius, pf ia !h@ coni,lanl
fluid density, ●nd (Uf Up) IS the dltferellcv in
the fluid ●nd particle velocities, The drag rwrtl
clent, CD, fol flai in the !ltekes rcglon (RQ ~ 1.0)
i- CD = 2d/Re, where R@ ■ (Uf Up) (?r )lwf ●nd Lf

!is the Cluid kinematic viscosity, Writ ng ● forco
balance ●quation for a liqtd spherical partlcl? and
solving for the particle
tecticm qiveu

iccel.rat
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where

(6)

where v is the azimuthal fluid velocity canponent
and r is the radius of curvature of the particle
path. hs noted abeve, t = O for Cartesian cmrdl-
nates and f = 1 for cylindrical crmrdinates. mls
is the form of the cquaclort used in the cde. The
pf in the pronsure differential term is present be-
cause the cede “pressure” 1s actually fluid pres-
sure, p. divided by the constant fluid density;
that 15, P = plpf. Equivalent ●quations ●xpress
the partlclo trans~rt in the y and z directions,

me turbulant diffusion of the dust particle 1s
charmcterlzod by a particle diffusion coefticlent,
NtJP. The numsrlcal mdel of turbulent diffusion
casputes diffusion volwity caponents for ●acil
particle. In this ~el, the fluid velocity caa-
ponents (Uf, Vf, ●nd Uf) ●t ttm I=atlon of ●ach
partlcla ●ro the su of the mean velocity c~-
nents !linoarly interpolated to the particlo p9sl-
tion fra tho mean velocity field) ●nd the randcar
turbulent velocity cmponent. The bamic idaa
(Hotch~las ●nd Hlrt, 1972) in determining the ran-
dcm turbulent velocity 1s to consider tho particle
●n a point source that tiffumes for ● time dt. The
probability of ~ero the particle 1s likely to -ve
1s 91ven by ● Oausuian distribution, with tha width
of the distribution determined by the standard do-
viatlon 4 ● at . NtJP. A random nw%ber generator
seIects tho location sctually uned within the dis-
tribution.

NUWPICAL SIMULATICM OF
PMTICUIATE FLW AROUND KINITQRS

WQ ~olod the )0.-nsrI DorrO liver nylon Cyclone
rgspirabl~ mass sampler ●nd the RINIRAH personal
dust monitor. They wer~ mdelecl in standalone W-
sitions, that is, not rmunted on ● person. The
Cyclone system (Cocala et ●l,, 1981) includes ● cy-
lindrical colloctar, ● filter, ●nd a PLSBPto pro-
vido ● sttady lnl?t flw rate. Our Cyclone tiel
lncludod only the cylirh ical colloctor part of th’
System. The Cyclmo was rmdelad with ●nd bithout ●

3.0-cmdi~ shi.l,! around tt,e collectors, TtIQny-
lon cyllnder has II 2,0 cm outside di&metor ●nd
containm tho samp: in!~ inlet, uhich has ● flm ●rea
of 13.221 cm by0,;21 cm. W ascumed that ●ll par-
ticlen ●ntorlnq ttll~ inl?t u+re oampled,

?Ile nINIRAM dust rmmilo! (Lilenfelrl ●nd L!tern,
1982) is fuliv selfcontain?d ●nd consisrn of ●

miniaturized Iiqhr. ncatterinq sensing configuration
with paaslve connective flou ssmplinq, This dust
mc.nltor is roctanqultr and im ●bout 10 cm wide,
IIY cm hiqh, and 4 m thi-k, Th* thickn@ms is ●n
Iarqed ●n addirtonhl l,tI ca ou~r ● portion of tho
10-cm by 10.cm mnitor face by ●xtendinq the Scn
ninq chamber, Tho n~nsthq r>emb~r provides a (Iw
path for par’ticlos to WWQ !hrouqh tho monitot for
sampling,

The dust smitors are mcdeled with different
cmrdinate systems. The circular cylinder configu-
ration of the CYclone monitor waa represented by a
cylindrical ccmrdinate system, and the rectangular
MINIRAM monitor was ~eled using a Cartesian coor-
dinate system. We ~eled the 1O-OE Corr-Ollver
Cyclone dust monitor ●ssming three planes of sym-
metry. TWO●xial planes, one through the center of
the sampling lnlot, ~re used to form a 90” section
of a circular cylinder. Lemgitudinal symetry a-
bout a horizontal plane through the vertical center
of the inlet was ●ss-d. These assumptions al-
lowed ● manageable finite-difference mesh size with
acceptable spatial resolution. Figure 1 shows
plots of 1-, y-, ●nd z-plane sllces throhgh the
three-dimensional mesh of cylindrical coordinate.
cells. me mesh has 42 cells In the radial (x) di-
rection, 16 cells in the ●zimuthal (y) direction,
and 12 cells in tho ●xial (z) direction, which is a
total of 8064 cqutational cells. Th* greatest
spatial resolution near ttte cylinder im 0.11 cm in
●ach ccmrdinate direction. As shmrn on the mesh
plane plots, the -sh diaenslons ●re 1.0 m to
10.0 m radially, O“ to 90” ●zimuthally, ●nd 0.0 to
2.0 cm axially for the unshielded Cyclone simula-
tions. The axial dhnsion was ●xtended to 3.0 cm
for the stmulatlons usll~g ● shield that was slmula
ted by creating ● wall impervious to fluld flm ●t
input-paramet~r-specified cell faces. The shield
had ● radius of 1.5 cm and was 1.431 cm high. The
mesh cell faces specified as walls were 0.5 cm ra-
dially fr~ the cylinder boundary. Seven cells in
the z direction ~re used to resolve trra shield
height, ●nd tho cell faces specified as walls ●x-
tended fro 0° to 90° in tha ●zimuthal direction.
Five cells, ●ach with ● radial dimension of 0.10 mm,
were used to resolve the distance between the Cy-
clone ●nd tha fihield.
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FIGURE l(b). The cell configuration in the E-Z
plane through the three-dimensional cylindrical
camrlinatt mash.
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FIGURE l(c). The cell con(lqura:lcm in rho y-z
plane throuqh the three-dlm?nmlonal cylindrical
coordlnata ~.tnh

W ti~led the lllNlltPM dunt mcmltor ●nd ●4Jacent
-pact umlnq ● rectallyulrnr mash in thr~a dlaenslons,
A vert~cal piano of symrttty wac ●ssuaed throuqh
the cantat of the monitor to reduce tha n-bar of
momh cells r~qulr.d, SpCrtftCtliy, with th@ mi

le? ptmttiowd ●IY that th~ 10 by 10-cm fam into

which the s~nslng ~“hamiw( is intograt~d iL normal
to th~ M direct!on, thp full h~iqht (in tho x dl
roction) it Mudbltd, but only One.half of the -~
tor width (in the y dlr.ct ion) ,t includad iII the
ncsh, This LB po9slbl@ hocauuo of tho gymsetry in

the sensing chamber geometry and in the rmnltor
housing. The rectangular rnegh contained 43 cells
in the x direction, 25 cells in the y direction,
and 35 cells in the z direction, which is a total
of 37 625 cells. The mesh dimensions were 0.0 cm
to 30.6 cm in the x direction, 0.0 to 11.0 CM in
the y direction, and 0.0 to 20 cm in the z direc-
tion. The monitor was resolved spatially by 14
cells in the x direccicm, 11 cells in tha y direc-
tion, and 20 cells in the z direction. In the x
and z directions, the ~nitor was approximately in
the center of the mesh. The typical cell dimension
in the monitor region was 0.3 cm, with the smallest
dimension fmlng 0.25 cm mnd the largest ooe being
0.38 m. The rnsh calls correspmdinq to the moni-
tor Uerb designated ●.t obstacle cells by input pa-
rameters, and tha faces of obstrrcle cells are ~-
pervious to flti. In Fig. 2, plots of the s, y,
●nd z planes in the mesh shcx# the cell configura-
tim.

We simulated the airflow past ●ach momitor by
First setting an initial fl- fiald in the mash ●nd
specifying an infl~ tmundary condition ●t the mash
boundary upwind of the monitor. A continuatlve
outfla boundary comditio,l d-ind of tho Donitor
● llm the ●irflw to letve the mash with neqlig-
ibla upstream influenca. ●ll planesof symsatry
●nd wst of tha other Mmndries wre set ●s frea-
slip boundaries, uhich sets ● zero normal velocity
and ● zero tangential velocity gradient ●t the
boundary. ~ver, ● no-slip conditionwan set at
the cyclone wall. ~is sets ● zero normal and tan-
gential velocity ●t tha bundary, In Fig. 3, the
quasi-steady-state velocity field around the Cy-
clono in th~ x-y plane ●t the longitudinal plane of
syunatry and the x-z plane ●t the 0° axial plane of
s-try is s- in ● perspective view. The ve-
locity vectors are draun frcvn the center of each

, ..---.=. — ,

I
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1

FIINJRI! 2(a). Th@ cell configuration in the r y
plane through the three-dimensional cylindrical
caotdtnat~ mesh.
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FIGURE 3. ~asi-staady-state velocity Clold plot
in the x-y plane at tho Cyclone longitudinal
plane of s-try and the x-z plane ●t tha 0“
axial plane of s~etry in parspactive vi-.

o 3 10 15 20 25 x
x

FIGURE2(b). Tho call configuration in the x-z
Plan@ throwrh the throo-dimensional Cartesian

fluid cell. Tha quasi-steady-stat. flw flold ●-
round the RINIRAHis SW in Pigs. 4--6. Tha ro-
qions without velocity vectors correspond to the
l=ation of th~ monitor. In Fig. 4, tho tlm field
shcm is in ttw x-y plan. at the vertical cantor of
the sensing vol~. Tho fl- is froa the loft. ●s
indicated by tho ●rrwheads oa the vectors. Tho
region without vactors lndicat~s tho monitor loca-
tion. Tim ●xpandad uieu In Pig. 4(b) s- tha ro-
circuiaticm in tho oansing voima in this plarm.
Figure 5 shws tha C1OUfield In tha x-z plane ●t
tho plane of S-try. Secondary Cl- ●gain -curs
in the ●xpandad vieu in Fig. S(b). The flm field
in Fig. 6 1s tho y-z plan. in the middle of tha
sensing volm. Tho ●xpanded V1OU in Pig. 6(b)
shotm tho roclrculating Cl-. Tho flou in tho -on-
sing vol~ is in thrao dimensions and is vro c-
plex than displayed by the slices throuqh tha re’-
glon S- in tho plots.

crwrdinate nsh.
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Pot tha particla transpxt calculation in this
study, * usad ● -O feature that 411OUS th~ user
to capute the particle transport in a previously
calculated quasi-st.ady-stato fluld fla Ciold.
‘fhia ●liminatas the c~utor t- rqulrad to ro-
generato ?ho flm field for ●ach partlclo transport
case. Tiw partic~o transport modal does riotsimu-
Iatc particle-p&rtlcl@ lfitoraction, ●nd tho partl-
C1OS do not influenco the fluid dynaaics. for
these rcaaons, the magnituda of particle ctmc@ntra-
tion is chosen to prwida ●n ●daquat~ concentration
of particles to be s&mpled by the monitor, but tha
cost of ccmputatim ● lso must M considered. In
thesa studies, tho particld comcontratiom input up-
stre- of the mnitor may vary fr~~ 200 pattlclos/
cm3 for the MtNIAA#Isimulation to 20 000 pCrtiCleS/
CM3 for chc cyclone eimlation, me req~!red vol-
m@ of particle input im much smeller for the Cy-
clone. ma prnrtlcla transport time roquirad by tha
cod~ is abut lIJus/particle/cycla, *oro ● Cycl.
is the c~utttlortkl ~Tclo ●ach tima stop. A
typiCal ~clw particle trarmpoit calculation -y
be over a perld of 50 ma, with a tiu step Ot
0,02 ms, which is 2500 cycles, At a concentration
of 20 000 patticles/m3, tha total nmbet of parti-
cles in the mash ●t late t~s may ●ppr~ch !2 lJOO.
mis typic~lij raquiros 10ss than 5 min at ● crty
c~uter,

1 I I
i

Lld J.

Y

F:OURK 2(c), The COII configuration in th~ y-z
plarm through tha thrae-d!wen~io-nal Cartesian
coordinate mmh.
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FIOURC4(a). Wami-mtmdy-mtato volaity fiald
plot in tit. x-y plane ●t tha vertical center of
the MINIRRHmonitor ●riming vol~.
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PIOURR4(b). Expanded V1OU of tho veIoclty ?ieid
in the x-y plane ●t the vertical center of tha
HINIUAH mnitor sensing volma,
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FIGURE 6(a) , gtmsl-steady-state velocity field
plot in the y-z plane at the approximate middle
of the HINIRAH -nitor sensing vol-.
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SOLA-DH PREDI~IOJS OF SAMPLEDPARTICLEFLUX

To study their ●ffects on the-Cyclone particle
sampling rates, we varied the ~nitor orientation,
tne particle size, the wind speed, the sampling
flw rate, and the ●ffect of ● shield around the
inlet. The Cyclcme inlet was oriented to face
directly into the wind at C“ or perpendicular to
the wind at 90”. Each cf the simulations was run
with three particle sizes (aerodynamic diameters):
0.1 Mm, 1.0 UM, and 10.0 vm. We used wind speeds
of 152.4 and 406.4 cmls artd specified the sampling
fl- rates as 1.2 and 2.0 L/rein. A shield was
placed around the cyclone inlet that ●xtended ra-
dially 0.5 cm beyond tha Cyclone and was 1.437 cm
long.

The code simulations predicted that. of the con-
ditions modeled, the greatest ●ffect on the cyclone
sampling rate was tha oriantacion of the smnitor
relative to the wind direction. In the %iMUlatiOIK
of the unshielded CYclorta with an inlet Cl- rate
of 2.9 thin and ● wind speed of 152.4 da. the
predicted ●verage particle flux of ●ll the parti-
cle sizes sapled at the 90° orientation le only
31\ of the particle flux at ● 0“ orientation. The
●verage particle flux data for high wind speed
(406.4 m/s) indicate virtually the same reduction
in particle flux for a change in orientation frm
o“ to 90”. The code prodictad that the shiald re-
duces the effect of orlantation on suIpling rata.
The sampling rate for tha shialded Cyclone at 90”
1s 41N of tha ●~ling rate at O“. Although the
magnitudes differ, the inlet Sampling rates in-
crease ●bout the mamaparcentaga frm 1- to high
wind spead for the 0° and 90° orientation to the
wind direction Cor tha unshialdad Simulation. At
● 0° orientation, ● 67* incraase in the inlat flm
rate increased the ●verage particle flux by 71*,

At a O* orientation, the predictad effect of
adding the l.$-cm radius shield around the l.O-cm-
radius Cyclone Mttitor was ● reduction in SaMplin9
rate for all particle cizes by 3*. Nowver, at ●

90” orientation, the cude predicted an increase of
71* fra unshie~ded to shielded simulations. These
results indicate that the particle inertia strongly
affects the predicted eampllng rate,

The l&~-diu particles ware not collected Un-
der any of the cases trtaC wre simulated. A con-
servative analysis, described in Ref. 1, nuggests
that these large-diameter particlea moved away fKm
the Cyclone boundary ●rea becauee of centrifugal
force, tiver, it in not understood uhy the
shielded, 90” orlmtation simulation pradiccod zero
particle flux.

The HINIRM BaGitor Simulation -r~ for one or-
ientation ●nd wind epeed. Particles with aerody-
namic diaaeters of 0,10, 1.60, 3.36, 16.8, ●nd
33.6 @wre modeled. We c~uted the percentage
of the free-stre- particle concentrations that
flou through tha NINIRAH aeKtelt19 volma. The sen-
sing vol~ corres~s to the MINIRAMscattering
volma defined by tha intaraection of the solid
●nqles forwd by the light passiny through the to-
cusirly lenses of the light ~ource ●nd t:m Iiqht 4C
tector, The sensing volwa is modeled in the code



,,” .,

by ●stimating the nmber of cells and the portions
of cells included in the intersection of these SOl-

id angles.

The predicted particle concentration in the sen-
sing volwme is affected by the size of the ?arti-
cle. The percentage of free-stream concentration
varies frau 90S for O.1-Mm-diam particles to only
60% for the rather large 33.6-~-diam pa~tlcles.
In our msnerlcal mcdel, this difference can be un-
derstood by noting the number of particles in each
computational cell in the sensing chamber. The

larger particles are concentrated near the rear
(downstream side) of the sensln’1 chamber, *ich
only partially coincides with the sensing volwne.
Consequently, the total count in :he sensing volume
is less than that for the more ●verily distributed
smaller particles. We made another measurement
that makes this observation ●ven rrmre obvious. The
probe used in an ●xperimental study of dust flou
around and through the hINIRPM by Asay and Hull
(May and Hull, 1986) was located near the front
(upstream side) of the sensing volume. To ccarpare
the numerical predictions with the experimental
measurements of concentration, we counted the par-
ticles at the approximate probe lrxation. me par-
ticle concentrations ware 951, 94%. 73%, 49%, and
10% of the free-strem values for the respective
particle aerodynamic diameters of 0.1 ~m, 1.68 vm.
3.36 urn, 16.8 pm, and 33.6 um. The concentrations
at the probe lmation and in th~ sensing volume are
within a few per cen~ of each other for the smaller
particles but vary 281 to 50\ for the particles
greater than 10 wm. The larger particles probably
migrate to the back (d-stream) side of the moni-
tor sensing region because of their downstream in-
●rtia as they ●nter the dmward-turning flad in
the top section of the sensing chamber.

CQNCLUSIG+JS

The SOLA-DPl computer code is well suited to per-
form the simulations in this study. The code’s so-
lution algorithm is ●specially efficient with the
use of the preconditioned conjugate residual itera-
tion methcd, which allcws rapid convergence to an
accurate solution for the pressure field, The
SOLA-OH user’s manual and the code’s internal docu-
mentation make the code easy to use. These studies
were simplified by generating the flow field OnlY
once for each configuration and then injecting par-
ticles into the systorn. In this way, the parame-
ters controlling the particle behavior could be
evaluated ●asily.

The SOLA-Dtl code predicts that the factor hav-
ing the largest ●ffect on the Cyclone monitor sam-

pling rate is the monitor orientation relative to
the ulnd direction, This is the case for both of

the wind speeds simulated, but this effect is mode-
rated by the addition of the shield. An expected.
the sampling rate for the O“ orientation is in-
ct’eased for an increase in the wind speed. The
same pattern is true for the 90° orientation, which
was not expected. At & 0“ orientation, the SSM-

pling rate was proportional to the inlet fl- rate.
Several of the simulations indicated that particle
inertia, and consequently particle size, affect the
Cyclone sampling rate. This ●ffect is especially

nota~le for the 90° orlentatiom because in no case
was the 10-pm-diam particle collected. The approx-
imate analysis of particle motion around a cylinder
may explain ~his: however, the shield was ●xpected
to have a greater effect on the particle behavior
near the Cyclone than was predicted.

The tlINIRAJl monitor simulations indicate that

par!icle size is a major factor in particle concen-
tration in the sensing volme. The value of the
particle diffusion coefficient also influences the
distribution of particles in the sensing chamber.
The value of 10.0 cm2/s seemed to be a gcd esti-
mate, but additional attention should be given to
cnis parameter.
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