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!ntroduccion 

When a pcn;on works facing u k,caJ cxhaus( ventilation (LEV) hood. it mny be possibl.e 
to obtain higher con,cntrat.ions of ucrosols in the brunching :ionc (BZ) lhwi without tl1c 
hood because recirculating eddies fom1 dow11stream of the body. These eddies shed 
periodically in tin alternating puncm calJcu voncx shedding, which j,; lhougb1 to be a 
prlmury dctcrrninant of contaminant lrnnspon in and our of the breathing zone ( I. 2 1). 
Previous compur:uional Onid dynamic~ (CFD) scudies h3\'C ~[)lorc<l the effect of time­
dependent airllow on occup:ltional exposure to gaseous concuminnnrs (2. 3). However, 
none have employed CFD tu n..o;.~ess occupational exposure lo aerosols in a periodic nir 
s1n:am. In the present s tudy. 3 two-dimensional Discrete Vonc~ Method (D\llvl) is used 
in conjunction lllith a I..Jlgr.ngiun panidc-t.raddng algorithm to model this sitUDtion: 
particle number conccn1111riuns nre then computed over a computationul breathing zone. 

Methods 

A t\l,o-dimcnsionol DVM was u1ili1,cd 1u model the time-dependent airflow field. The 
DVM treats the fluiJ as con,•cecing elements of vonicity und employs rnndom wulks on 
eu::h element to simulu1c turbulent diffusion (4, '.!, 3). Specific dclllils ubout 
implcmcmation of 1he method cnn be found in the literature (4. 5, 6). A 1-m circular 
cylinder represented the worker; ald1ough this size exceeds that of o typicnl worker, this 
diameter was used 10 nnn-d1mcns ionalizc the Novicr-Stokes equations of flu id motion. 
The llcynohis number wos set 3t 'I0,000 to yield a fluid velocity oi 2A6x l 0'1 mis. A 
timesccp of CJ. 13 .~ \>as cmplo)·cd. and the simulation was run for 1600 timc.,tcps. or ~08 
s. 

,f\ Lai,•rnngi:in i11cni:1J p:iniclc-trjddng algorithm ran in conjunction with the DVM. 
During each Ouid timc,;tep, the equ:ition of particle motion due to drag fon:cs was 
inleg.rnted scveml times w,th an adaptive rimcstep Backwacds Difference Formulae 
method. Paniclcs h~ ·ing Stokes numbers (Stk) of l.87x 10"', 4.63x10·1, l.16;d0'1, 1.00, 
an<l 5.00 wcce released ut 1cn evenly-spaced points, from x = -5.0x 10·1 m tO x = 5.0x 10' 
'm, in scpar:tlc simulations al y= 7.5J<l0'1 m. y = l.O m, nod y = l.S m downstrclllll of 
the cylinder center. which was centered at (0, 0). Teo paniclcs w~re released per 
limcstcp, bcginnin~ Il l lhe JOO-th limcstcp (I = 13 s). figure l illYslrales t11e initi:il 
conditions of pw,.iclc f'c lc~sc. The pru1icJe injection source velocity wa.~ zero; thus, 
particles initin!ly follow the fluid mouon. Particle conccntrJtiOn was calcYlatcd 
following II method proposed tn (8). A grid conu:uning 2816 squnte clements was 
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superimposed over the domain for the region x = -2.0 m to x = 2.0 m and y = -1.0 m to 
y = 10 m. Time-averaged concentrations were computed in a sub-domain from x = 
-5.0x10·1 m to x = 5.0x10·1 m .md y-= 0 rn toy= l.O m; this sub-domain is comparable 
to the BZ. The designated BZ is also shown in Figure l. 
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Figure 1. Schemmic of the initial particle injection locations and breathing zone. 

Results and Discussion 

Figure 2 demonstrates the effect of particle release pos1t1on on the time-averaged 
concentration for Stk = Ll6x 10·1• Simulations with other particle sizes froduced similar 
results. BZ concentralions for the downstream release site of 7.5x 10· m do not vary 
greatly with Srk. No consistent pattern between particle size and concentration level was 
observed. However, after Lhis 208-s simulation, the time-averaged concentrations still 
have not reached steady-state vaJues; hence, no conclusion can be drawn about the 
dependence of concentrac.ion on particle size. Accumulation of particles in the BZ is 
very noticeable for this set of runs because the site of particle injection lies within the 
BZ. Particles are injected into the domain faster th.an they can be effectively cleared 
from this region. 

For the downstream release position of 1.0 m, BZ concentrations computed over the 
simulation time are lower than for the release position of7.5x10·1 m. For any Stk, some 
accumulation of particles in the BZ occurs, although it is at a slower rate t.han for the 
7.Sx.10"1 m injection site. IL does appear that the St.k = 4.63x10·3 panicles yield slightly 
higher BZ concentrntions than do par6cles of other sizes. Stk = l.87xl0-4 and Stk = 
l.16xl0·1 particles have the nexr highest concentrations, followed by St.k = 1.00 and Stk 
= 5.00. It is intuitive t.hat larger particles will be cleared from the BZ at a faster rate and 
thus will yield lower concentrations. However, as is the case for the 7.Sx10·1 m injection 
site, the Lime-averaged number concenLrations have not reached steady-state values. and 
therefore, any conclusions about che Jong-term concentration levels are premature. 

In contrast with results from the other two injection positions, particle accumulation and 
overall concentration levels stabilize after some number of timesteps for the 
downstream release position of 1.5 m. A steady-state concenLration level is then 
maintained for all Stk considered except Stk = 4.63xl0·3• At the release point of 1.5 m 
downstream of the cylinder. particles may either be reentntined into the recirculating 
bubble fanned immediately downstream of the cyJinder or they may be transported 
further downstrenrn by che eddy which is being shed concurrently. This time-dependent 
behavior may explain why no clear relationship between BZ concentration and St.k can 
be go.mered from these steady-stare concentrations. 
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Conclusions 

The most significant conclusion from this work is that the rate of accumulation of 
paniculate matter wfrhin the BZ is strongly dependent upon the distance between the 
contaminant source and the body. The results also suggest that particle concentration 
levels within the BZ may also rely heavily on source distance; however, it is impossible 
to draw any strict conclusions about this relationship until steady-state concentrations 
have been attained. Simulations wirh 7.5x10· 1 m and 1.0 m injection sites must be run 
for a longer period of time. No clear rnlationship between particle size and 
concentrati on level could be discerned from the results. 
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Figure 2. Time-averaged particle number concentration for Stk = 1. l 6xl 0·1•
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