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Vazené kolegyn vazeni kolegoveé,

p estoZze letoSni konferenceeské aerosoloveé spoleosti (jiz osmé v padi, pokud
uvazujeme i loské Finsko-eské sympozium o aerosolech, které segao spolen s konferenci
aerosolovych spol@osti severskych zemi NOSA 2006 v Helsinkach) jet oradi n v listopadu,
konéa se netradn v Brn . Je to diky kolegm z Ustavu analytické chemie AVR a je to podle mého
néazoru dole, protoZe nejusi po et novych len  AS je prav z Brna. Narst se projevil i na (asti

AS na Evropské aerosolové konferenci EAC2007 Agané letos v za v Salzburku, kde pet
U astnik z eské republiky a pet jejich pisp vk byl zatim nejvtSi v historii tchto konferenci.
Tuto udalost se ndm podla zv nit i na spoleném snimku.

K letoSnimu sborniku jsmeiZili i vykladovy anglicko- esky slovnik aerosolovych termin
ktery vytvoil kolektiv autor na zaklad volného pekladu vykladu pojm z aerosolové problematiky
uvedeného v knize Aerosol Measurement: Principleshniques, and Applications autdPaula A.
Barona a Klause Willekeho. Slovnik, ktery je uvedenna strankach AS pod adresou
http://cas.icpf.cas.cz/index.php?lang=cz&page=amsp¥znikl za podpory grantu Rady deckych
spole nosti.

Ve shorniku posledni koference jsem zauvazovaehg zda se podiazalozit novou tradici,
a to sponzorovani konferenceianosti spolenosti sponzory aktivnimi v oblasti aerosolové tekjn
a vyzkumu. V letoSnim roce se to diky spalesti ECM ECO MONITORING spol. s r.o. poda.

Praha 31. 10. 2007 iJsmolik
pdseda AS



http://www.arl.noaa.gov/ready.htjnl Trajektorie byly spadtany vzdy zptn za 24 hodin.
V evaluaci smr p enosu byly kvli omezenému pdu odebranych vzorkuvaZzovany pouze 4 hlavni
sektory: N (NW — NE), E (NE — SE), S (SE — SW) gSW — NW).










Studia Geophysica et Geodaetiba, 121-130.
Rolph, G.D., 2003. Real-time Environmental Applicas and Display sYstem (READY) NOAA Air
Resources Laboratory, Silver Spring, MD.
Website (http://www.arl.noaa.gov/ready/hysplit4.Htm
Tesar M., Elias V., Sir M., 1995. Preliminary Reswf Characterisation of Cloud and Fog Water in
the Mountains of Southern and Northern Bohemia. riu of Hydrology and
Hydromechanics, 43, 412-426.
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Rovn Z byla hodnocena zavislost koncentrace, P relativni vihkosti vzduchu a snu v tru. Smr
v tru byl vyjaden jako ethost nhamenych vyznamnych sm pro jednotlivé dny. B souhrnném
hodnoceni kampani se vliv sra v tru ani vihkosti neprojevuje, aleiprypo tech pro jednotlivé dny
naznauji statisticky vyznamnou korelaci mezi RhMa smry v tru.

ZAV RY

Z vySe uvedeného je dab patrny vliv sezénnich zm, zejména teploty a stability atmosféry na
koncentrace PM. Ziskané vysledky podporuji zay publikované v nkterych zahrannich studiich
(Duan a kol., 2006, Charron, Harrison, 2006; Gereol., 2006), konkrétnzavislost koncentraci
PM na teplot pozorované pm enich v Londyn, v Pekingu a v Egypt i kdyZ zde nelze srovnavat
absolutni hodnoty. Meeme také potvrdit tvrzeni, ze zit ni m ze pochazet i z jinych vzdalggich
zdroj nez z dopravy.
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Fig. 2: PM; (mg.m®) in winter and in summer
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Fig. 3: PM; (mg.m®) during the day
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CFD MODELING OF AEROSOL TRANSPORT AND DEPOSITION IN HUMAN AIRWAYS
IN FULL BREATHING CYCLE

M. FORMAN, M. JICHA, J. KATOLICKY

Brno University of Technology, Faculty of Mechani&mgineering, Department of Thermodynamics
and Environmental Engineering, Brno, Czech Republic

Keywords: Human airways, full breathing cycle, CFiddeling, aerosol transport, deposition
INTRODUCTION

A numerical model of aerosol transport in humamways is presented that contains 6 bifurcations and
several thousands terminations. The model was mtjgrom a CT scan of a living person and
contains oral/nasal cavity, and tracheo-bronchéd.tTwo breathing activities were modelled, namely
resting conditions and heavy activity (maximum ei@) with appropriate tidal volumes, minute
ventilation and breathing frequency. The inspimraéxpiration cycle was modeled following the
sinusoidal function. Euler-Lagrange approach waslus model aerosol transport and deposition in
the airways. The total concentration of aerosol assimed 5@y/m® divided into three classes PM10,
PM5 a PM 1 with appropriate fractions. Computationadeling was performed using CFD approach
with the commercial CFD code StarCD. Results of timdeling show the velocity field in several
locations along the airways in different time stesinspiration and expiration phases as well as
temporal deposition of particles in individual geat@®ns of human airways.

CFD simulation of the airflow and particle transpand deposition in the human respiratory tract has
been pursued by a number of researchers. Somet recamples (not exhaustive) are presented in
Balashazy et al. (1996), Edwards (1996) and Sapamgaet al. (1999). While CFD simulation of the
nasopharynx/oropharynx have been quite succeskfatiqa et al., 2002), the complexity of the
human tracheo-bronchial tree has defied detailpdilsition of airflow in anything else than small
sections, see e.g. Zhang et al. (2002) and Conatr 000).

PROBLEM DESCRIPTION AND FLOW CONFIGURATION

As a geometrical model, a High Resolution CT scéra chuman was acquired from St. Anna

University hospital in Brno — see Figure 1. Thenseas transported into *.stl format, then smoothed
and cleaned off unnecessary details and, by mefaas automatic mesh generator, first the surface
and then the volume mesh were created.

Fig.1 CT scan of human airways

For the modeling purposes, the nasal/oral cavitg wmitted and the inlet to airways was placed
above the glottis. The solution domain with selégianes in which results were analyzed is in Fgur
2 (human front view). The model contains 3 milliarfstetrahedral control volumes with high local
refinement in locations of high velocity gradien®Bwvo regimes, namely resting conditions and
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maximum exercise, were simulated with the inletdibons given in Tab.l. Both regimes were
calculated in the transient mode inspiration /eagoin that followed a sinusoidal curve according to

the formula:V (t) =V, sin(ut) , whereV, is a tidal volumew is frequency and is time. The total
volume of the lungs determined from the CT scan 4vaditers.

right left

ra e
a Na N

e re

Fig. 2 Front view of the human airways
Calculations were done usikgw model of turbulence and Euler-Lagrange Eddy Iatéva Model by
Gosman and loannides (1981) for particles transpdet conditions were ascribed as “inlet”, outlet
as pressure conditions with identical relative gues in all airway terminations.

Tab.1 Modeling scenario

Resting Maximum

conditions exercise
Tidal volume \{ [liter] 0.5 3.33
Flow rate [I/min] 7.5 120
Breathing frequency [Hz]  0.25 0.8
Period [s] 4 1.25

Three size classes of particles with different emtiations were assumed in the inlet to trachea
according to Tab. 2.

Tab.2 Aerosol characteristics
Particles diameter m]  Concentration [g/m]

10 25
5 9
1 16

RESULTS AND THEIR DISCUSSION

In Figure 3, the mass deposition in the tracheativel to the total released into the trachea isgred

in individual time of inspiration for resting cotidins. One can see a large deposition of smallest
particles with the size ofmin. A possible explanation is a very low Stokes nemb< 1 of such
particles, which are caught in eddies and transgddoy turbulent diffusion towards the trachea wall.
Particles with the size ofnin and partly m follow very well the sinusoidal breathing cyderger
10mm particles deposit less as they are more detechbgdnitial conditions and less by turbulence.
They also deposit more uniformly in time — maintythe epiglottis area due to impaction. Further we
can see a massive increase of the deposition ifirthdalf of inspiration cycle followed with a afp
decrease after the inspiration peak.
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Fig. 3 Relative deposition in the trachea

In figure 4, deposition in the individual generatids presented. The deposition is normalized bgsma
of the total released into the airways. Individbals indicate the percentage of the appropriate siz
As we can see the smallestrin particles deposit less, which indicate that they less sensitive to
impaction. Particles fim and 1@m deposit in similar percentage, likely by impastiorhe total
deposition history from the3generation downwards follows the sinusoidal cyalkich indicates a
low Womersley number, which is a measure of théatiemous behavior of the flow field in the
oscillating breathing regime.

Fig. 4 Relative deposition in generations

In figure 5 we can see a strong difference in thpodition between the left and right trees. The
deposition is relative only to particles in the egpiate generation and all sizes are considered.

Fig. 5 Deposition in left and right trees
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Except the I generation, more particles deposit in the left, teehich is well correlated with Reynolds
number as can be seen from figure 6. In thgeneration, the “right” Re number and also mass fl
rate are lower, which results in the larger dejpmsitWe can speculate that this is due to gratity,it
needs to be checked. In th¥ generation, the trend is reversed and down"tgeheration the “left”
Reynolds number and flow rate are lower, which magagsults in larger deposition likely by
sedimentation.

Fig. 6 Reynolds number (left graph) and mass flat@ (right graph) in the left and right trees
CONCLUSIONS

In real human airways, asymmetry in geometry betweft and right trees and irregular down-scaling
of diameters of airways cause asymmetry in the sipn. Smallest particles deposit mainly due to
turbulent diffusion whereas larger particles duertpaction and gravitational settling. The majoofy
particles deposits during the inspiration pericgfpbe the inhalation peak.
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Vysledky pro isty prostor: V tab 2. jsou uvedeny @oni koncentraceastic ve vznosu namené
v jednotlivych vzorkovacich mistechstych prostor, viz. Obr. 1. Kazdy vzorek byl odd@bi jednu
minutu. V tab. 3 jsou teoretické a regenafa asy obou srovnavanychigtroj vypo itané z kivek

Obr. 1 Schéma meni v komoe; planek istych prostor firmy Synton

VYSLEDKY

poklesu celkové koncentrace.

Tab. 2. isté prostory - meni potu astic ve vznosu:

Po et astic ve vznosu

pro astice® 0,5mm

pro astice® 5nm

islo
islo vzorkovaci (p. ./m*) (p. ./m*)
mistnosti Tida istoty dle EU ho mista MetOne Grimm MetOne Grimm
- __1L_1605212 | __1095500] _ __ 17156 | ___ 21200
2 1 588 805 1 075 500 14 517 17 800
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elektrickou dvojvrstvowlivem elektrického pole.

Electrostatic balance / Elektrostaticka vaha Zaizeni, které pouziva pole stejnosmého proudu k
udrZeni nabitychéstic ve vznosu; napMillikan v kondenzator.

Electrostatic precipitator / Elektrostaticky precipitator (odlu ova )- Zaizeni, v nmz jsou
aerosolové astice nabity unipolarnim iontovym polem a depomgvda stn p sobenim
vysokonap ového elektrického pole

Elutriator / Elutriator (usazovak) - Zaizeni pouzivané k odtbvani (tid ni) astic podle
aerodynamického pm ru tak, Ze se usazuji z pohybujiciho se prouductngu

Emission / Emise- Vypoustni latky nebo snsi latek do venkovni atmosféry.
Endotoxin / Endotoxin — Toxicka sloZka /komponenta/ buné stny gramnegativnich bakterii.
Envelope (equivalent) diameter / (Ekvivalentni) prm r (obalky)- Pr m r koule sloZzené zastic

p vodniho materialu vetn dutin (p6r), kterA ma stejnou hmotnost jakovpdni astice
nepravidelného tvaru.




































