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cells (Figure 5.6). The mesh with 1.27 million cells was created with a size function that

had a growth rate of 1.7 and a maximum cell size of2 (Figure 5.6 a). The mesh with 1.34

million cells was created with a size function that had a growth rate of 1 .6 and a

maximum cell size of 1 .5 (Figure 5.6 b). Finally the mesh with 1 .42 million cells was

created with a size function with a growth rate of 1 .2 and maximum cell size of 1 .5 at the

inlet and the outlets and other narrow airways and had a growth rate of 1 .6 and maximum

cell size of 1.5 in other areas (Figure 5.6 c). This was done to keep the number of cells

under 1.5 million cells.

Figure 5.6: Grid convergence, a) 1.27 million cells, b) 1.34 million cells and c) 1.42 million cells.
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These three cases were solved using an inlet velocity of 9.468 m/s and 0 gage

pressure at the outlets. The node based SST k-co solver was used. In all cases 6 orders of

magnitude of convergence was reached for continuity, x, y, and z, velocity and k,

however only 5 orders ofmagnitude of convergences was reached for co. The velocity

magnitude along a plane in the center of the airways is shown in Figure 5.7. Figure 5.8

shows the convergence ofthe maximum velocity ofthe three cases. The maximum

velocities for the three cases were 9.80 m/s (1.27 million cells), 9.89 m/s (1.34 million

cells) and 9.89 m/s (1 .42 million cells). To further show convergence the velocity profile

was plotted at the epiglottis (Figure 5.9), where all three cases showed good agreement.

The flow was considered converged at 1.42 million cells and the grid was therefore used.

Figure 5.7: Velocity magnitude, a) 1.27 million cells, b)
1.34 million cells, c) 1.4 million cells.
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Figure 5.8: Maximum velocity grid convergence.
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Figure 5.9: Velocity profile at the epiglottis to show grid convergence.

5.3.3 Final Grid

After grid convergence was reached for the smoker VF model, the same mesh was

applied to the normal breathing VF model (Figure 5.10). The normal breathing VF model
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had 1,410,281 cells where as the smoker VF model had 1,423,199 cells. Although the

same mesh was applied to both models, the difference in the number ofcells is due to the

difference ofthe size ofthe oral cavity. To examine the grids further, the quality ofthe

mesh was determined.

Figure 5.10: Normal breathing VF model mesh.

The shape ofeach cell in a grid can significantly impact the accuracy ofthe

solution. The two main criterions to follow are cell skewness and aspect ratio. Skewness

is the difference between the shape ofa cell and the shape of an equilateral cell and as a

rule ofthumb should be less than 0.85, but no warnings are received unless the skewness

is above 0.97. Aspect ratio is the measure ofthe stretching ofa cell and is recommended

to be less than 5:1 (Fluent Inc, 2006).

For the smoker VF model the worst equisize skew element had a value of0.92

(Figure 5.1 1 a), which over the recommended value. Only 0.01% ofall elements were

over the recommended value of0.85, so the mesh was still used. The worst aspect ratio

element in the smoker VF model had a value of6.35 (Figure 5.11b) which is over the

recommended value. There were only two elements over the recommended ratio of 5, so

the grid is acceptable.

For the normal breathing VF model the worst equisize skew element had a value

of0.94 (Figure 5.12), which over the recommended value. Only 6 elements were over

the recommended value of0.85, so the mesh was still used. The worst aspect ratio

element in the normal breathing VF model had a value of 10.5 (Figure 5.12) which is

over the recommended value. There were only six elements over the recommended ratio
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of 5, so the grid is suitable. The locations of these elements were noted so that the flow

field solution could be closely scrutinized.

Figure 5.11: Mesh quality for the smoker VF model, a) Equisize skew and b) aspect ratio.

Figure 5.12: Mesh quality for the normal breathing VF model. The same cell had the worst equisize

skew and aspect ratio.

When CAD clean-up was performed the VF model was converted to a virtual

entity. This representation still showed each individual face that was merged to created

the virtual face (Figure 5.13 a). Having the surfaces ofthe model virtual allowed for
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further smoothing of the walls, which was apparent when the mesh was created (Figure

5.13 b). Figure 5.13 c shows the meshed surface with the mesh visibility turned to off.

So, although decimation occurred that reduced the number ofpoints that represented a

curve, using a virtual geometry allowed for the airways to become more round. The

extent to which this occurred can not be measured.

Figure 5.13: a) Represents a virtual face before meshing, b) represents a meshed virtual face, and c)
represents a meshed virtual face with the mesh visibility turned to off.

5.4 Steady State Assumption

Modeling the inhalation during normal breathing as steady state using a constant flow

rate has been done for several years. However, in smoking there is a pufftime where the

individual fills their mouth with smoke prior to inhalation of fresh air and the effects of

this on the fresh air inhalation needed to be determined before steady state was assumed

for the smoking model. To do this, the oral cavity was separated from the rest ofthe

model and solved as unsteady turbulent flow and compared to steady turbulent flow using

smoking flow conditions.
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Breathing parameters used in the normal and smoker models are shown in Table

5.1. The puff flow rate through a cigarette is 17.5 ml/s (1.05 1pm) (Dixon, 1992), which

results in an inlet velocity of0.3314 m/s for an 8.2 mm diameter cigarette, and the fresh

air inhalation after a puff is 30 1pm, based on a tidal volume of 1 500 ml, resulting in an

inlet velocity of9.468 m/s. The turbulence created in the smoker model using the steady

state assumption and the 30 1pm flow rate was determined to have a maximum k value of

3.85 m /s . This value was determined by looking at the turbulent contours and finding

the maximum value ofk. Based on this value, 3 trials ofthe oral cavity with different

initial turbulent kinetic energies (5, 3, and 1 m2/s2) were solved for 0.1 seconds as

unsteady flow and compared to the steady state case with no initial turbulence (Figure

5.14). Flow conditions are given in section 6.1 . It was found that all four cases had the

same maximum velocity and the same velocity profiles at the outlet after 0.1 seconds.

There was a slight discrepancy between the k values in the four cases. The case with the

highest initial value ofk (5 m2/s2) had the highest value ofk (3.69 m2/s2) after 0.1

seconds, and the steady state case had the lowest value ofk (3.61 m /s ). This

discrepancy was not significant and therefore the steady state assumption was made with

no initial turbulence. Physically, this means that we are modeling from the time just after

the puffand neglecting any turbulence and turbulent eddies that are present in the initial

puffvolume. The flow rate was also assumed to be constant in time.

Table 5.1: Breathing parameters for normal (Robinson et al, 2007) and smoking breathing
conditions.

Breathing Parameter Normal Smoking

Tidal Volume (mL) 500 1500

Puff time (sec) 0 2

Fresh air inhale time (sec) 1.6 3

Pause time (sec) 0.2 0.2

Exhale time (sec) 2.3 4

Total residence time (sec) 4.1 9.2

Tracheal flow rate (L/min) 19 30
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An unsteady filling tank trial was attempted for comparison purposes, since this

more realistically represents a smoker taking a puff. In this trial, the oral cavity was

treated as an evacuated cavity where air would fill the cavity for 3 seconds to represent

the initial puffofa cigarette. The initial time step required for this case was on the order

of le-08 seconds and would take weeks to solve as unsteady for 3 seconds. For the

filling tank problem, Fluent requires a mass flow boundary condition at the inlet and the

air had to be treated as compressible flow. So, as the air would fill the tank, the pressure

would change inside the cavity which changed the density of the air and would change

the inlet velocity. This would result in inlet velocities over 200 m/s and is unrealistic.

This trial was not completed due to these factors.
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5.5 Summary

After the two models were created, the smoker and normal breathing models were then

taken into Gambit where they were divided into zones, where the surface faces ofeach

zone were merged to create a single face, where each zone was specified as an outlet,

inlet, or a wall, and where the mesh was generated. The smoker model had a mesh with

1.42 million cells and the normal breathing model had a mesh with 1.41 million cells.

The quality ofboth grids were examined and found to be acceptable. The surface grid

was examined for turbulent calculations by checking the v+ value.

It was found that some portions ofthe model did exceed recommended values

(8.8 > 5) ofy+; however the grid could not be refined any further due to memory

constraints and negative impact mesh quality. After the surface grid was determined, grid

convergence was performed using grids with three different amounts ofcells (1.27, 1.35

and 1 .42 million). From comparing velocity and turbulence contours it was determined

that the grid had converged and the grid with 1.42 million cells was sufficient for this

work.

A trial was conducted to test the steady state assumption for the breathing pattern

of a smoker. The oral cavity was separated from the rest ofthe model and four cases

were run with four different initial values ofturbulent kinetic energy for 0.1 seconds.

From this trial it was determined that the turbulence created by the initial puffa cigarette

did not have a significant effect on the fresh air inhale, so the steady state assumption was

made.
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Chapter 6

Computational Fluid Dynamics

6.1 Solution Parameters

After the mesh file was created in Gambit, it was imported into Fluent. Fluent is a CFD

software package that is used for many different fluid flow and heat and mass transfer

problems. In Fluent, boundary conditions and operating conditions are set, solution

controls are selected and the flow characteristics are solved.

The boundary conditions used for the smoker and normal breathing model were

the same with the exception of the magnitude ofthe velocity at the inlet. In both models

a velocity magnitude normal to the inlet was applied. The velocity magnitude was

determined by the tidal volume and inlet area in each case. For the smoker model the

tidal volume was recorded as 1500 ml (see Table 5.1) for 3 seconds and has an inlet area

of 52.81 mm (cross sectional area of a cigarette), which results in an inlet velocity

magnitude of9.468 m/s. The maximum Reynolds number for the smoker is 2650. For

the normal breathing model the tidal volume was recorded as 500 ml (see Table 5.1) for 2

seconds and has an inlet area of50.32 mm (area ofmouth opening), which results in an

inlet velocity magnitude of4.962 m/s. Pressure outlets were used for the 17 outlets for

both cases. Zero gage pressure was applied to every outlet. The walls were set to no slip

walls.

The operating conditions used consisted ofpressure and gravity. The operating

pressure was 101325 Pa located at the origin and gravity (9.81 m/s) was applied in the

negative y direction.

Solution controls were set the same for the smoker and normal breathing cases.

The 3D-double precision, segregated implicit solver was used for the steady state, one

inhalation, and constant flow rate calculations. The turbulent SST k-co solver was used

with the Green-Gauss node based gradient option. The node based option gives better

results when using a tetrahedral mesh. A second order discretization scheme was used to

solve for pressure and a second order upwind discretization scheme was used for
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momentum, turbulent kinetic energy and specific dissipation rate. These options also

produce more accurate results when using a tetrahedral mesh.

Both models were allowed to iterate for approximately 5000 iterations before the

solution converged. In both cases the under relaxation factors were reduced to reach

convergence. Six orders ofmagnitude ofconvergence was reached for continuity, x, y,

and z velocity and k, however only 5 orders ofmagnitude ofconvergences was reached

for co.

6.2 Flow Solutions

After the solution ofboth models had converged, a flow comparison was made between

the smoker and the normal breathing models. Velocity and turbulence contours were

examined at a few locations to show the similarities and differences ofthe flow

characteristics between the two models. Figure 6.1 shows the difference in velocity of

the smoker model to the normal breathing model along the midsagittal plane. The

maximum velocity in the smoker model was 9.89 m/s where as the maximum velocity in

the normal breathing model was 6.67 m/s, both occurred in the oral cavity. The velocity

ofthe smoker model was expected to be higher than the velocity ofthe normal breathing

model based on the inlet velocity magnitudes that were inputted. In both models the

velocity magnitude increased at the glottis and epiglottis. Figure 6.2 shows the difference

in turbulent kinetic energy ofthe smoker model compared to the normal breathing model

along the midsagittal plane. The maximum turbulence in the smoker model was 3.85

") ~) 0 0

m/s and the maximum turbulence in the normal breathing model was 1.79 m /s . The

smoker turbulence was also expected to be higher based on the velocity magnitude at the

mouth. Again, both models shared similar contours, but had different magnitudes.

Based on the flow characteristics ofthe midsagittal plane, contours at the

epiglottis and glottis were examined. Figure 6.3 shows the velocity comparison at the

epiglottis and glottis opening ofthe smoker model to the normal breathing model. An

increase in velocity was expected at these locations based on the geometry. The flow of

the normal breathing model has the same characteristics as the smoker model, but the

magnitude is much lower.
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Figure 6.1: Velocity (m/s) comparison of a) smoker model and b) normal breathing model.

Figure 6.2: Turbulent kinetic energy (m/s ) comparison of a) smoker model and b) normal breathing
model.
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Figure 6.3: Velocity (m/s) comparison of a) epiglottis opening of the smoker model, b) glottis opening
of the smoker model, c) epiglottis opening of the normal breathing model and d) glottis opening of

the normal breathing model.

To test whether the differences in the flow fields was due to the mouth shape or

the difference in velocity, an additional case was ran. The normal breathing model was

ran using the smoking model boundary conditions. That is, the normal breathing model

was ran with an inlet velocity condition of 9.468 m/s. Figure 6.3a shows the difference in

velocity ofthe smoking model compared to the normal breathing model along the

midsagittal plane. You can see that the velocity contours ofboth models are within the

eyeball norm ofeach other. The main differences occur in the oral cavities, and it

appears that most differences are flushed out before the larynx. This would lead to the

conclusion that the main difference in particle deposition is due to the flow rate at which

a smoker and a nonsmoker breath, and not from the mouth shape during these cases.
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Figure 6.3a: Velocity of a the smoking case compared to the normal breathing model at the smoking
conditions.

6.3 Discrete phase

After the flow fields were solved for in both models particles were injected and

deposition was determined. Fluent uses the Lagrangian solution technique to predict the

trajectory ofdiscrete phase particles. The particle trajectories are calculated by

integrating the force balance equation defined by,

dt
=Fd+j_+Fx Equation 6.1

where Vp is the velocity of the particle, t is time, Fd is the drag force (Fd is defined as a

negative value), g is gravity, pp is the density ofthe particle, and Fx is any other forces.

Previous work (Robinson et al. (2007) and a thesis completed by Pamela Snyder at the

Rochester Institute ofTechnology detail the accuracy ofFluent when compared to

analytical equations, other CFD packages and experimental work.

In Fluent, particles can be defined several different ways. For this research a file

was used. Inert unit density (1000 kg/m3) spherical particles with a diameter of 0.1, 1, 3,

5, 9, and 10 microns were created. In the case of smoke, the range ofparticle sizes is

from 0.1 um (fresh) to 7 urn (coagulated and hygroscopic growth) (Robinson and Yu,
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2001). For the smoker model, a random distribution of 50,000 particles was created in a

circle with a radius 0.3 mm smaller than the inlet radius to avoid immediate deposition of

particles that are injected in the wall elements. For the normal breathing model a

rectangle, which falls just inside (about 0.3 mm) the inlet, of 50,000 randomly distributed

particles was created. The file was created by a Java script utilized by Robinson et al.

(2005) and compiled in J-Builder SE 7 (Borland Software Corporation). In each case the

same random distribution was used for each particle size.

Fluent reports the fate ofparticles as five different types; escaped, incomplete,

trapped, evaporated, or aborted. An escaped particle is a particle that leaves the domain.

An incomplete particle exceeds the maximum number oftime steps needed to complete

the solution ofthe particle fate. The maximum number oftime steps was set to 1E07 and

was sufficient to track all but a few particles (less than 70). The trapped fate is a result of

a particle ending at a wall boundary. The discrete phase boundary condition on the walls

was set to trap, which means that ifa particle enters the wall element it would be

considered deposited. The evaporated fate is a result ofparticles evaporating or being too

small to track, neither ofwhich happened in this research. The aborted fate is a result of

an error in calculating the particle trajectory, which also did not occur. Particles were

solved as steady state and uncoupled. When the solution to the particle trajectory

equations is finished, Fluent gives a particle fate summary with the number ofparticles

with each fate. Using the total amount of trapped particles and the number ofparticles

injected, total particle deposition can be determined.

Figure 6.4 shows the particle deposition ofthe smoker model compared to the

normal breathing model. The smoker total deposition varied from 17.62 to 66.98 % over

the range ofparticle sizes, while the normal breathing model varied from 1 1 .02 to 43.68

% over the range ofparticle sizes. In this figure the oral cavity and the throat region are

shown sagittally and the rest ofthe model is shown anteriorlly for visual effect.
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Figure 6.4: Total particle deposition for the smoker and normal breathing models.

In the particle fate summary, Fluent gives the number ofparticles that escape

though each boundary or that are trapped in each boundary. Since both models were

divided into smaller zones, regional and local particle deposition can be determined

quantitatively through the particle fate summary. Table 6.1 and Table 6.2 give regional

percent particle deposition for the smoker and normal breathing model in the oral cavity,

oropharynx, larangeopharynx, larynx, trachea, LMB and RMB. Here you can see that the

percent deposition was higher in the smoker model and increased with particle size in

each region for both models. In both models there was the most percent deposition in the

throat region (zones 6 through 15) for particles sizes of 0.1, 1, 3, 5, and 9 microns, and

the most deposition in the oral cavity (zones 1 through 5) for 10 micron particles.

Table 6.1: Regional particle deposition in the smoker model

Percent Deposition (%)

Particle size (urn) 0.1 1 3 5 9 10

Oral Cavity 4.64 4.95 5.19 6.63 26.59 33.91

Throat 5.00 5.50 7.21 15.22 29.52 32.53

Trachea 2.00 2.03 2.96 8.04 9.97 7.17

LMB 0.65 0.75 1.11 0.56 0.14 0.21

RMB 0.27 0.24 0.47 0.11 0.04 0.37
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Table 6.2: Regional particle deposition in the normal breathing model.

Percent Deposition (%)

Particle size (urn) 0.1 1 3 5 9 10

Oral Cavity 1.47 1.60 1.63 1.97 6.79 9.94

Throat 2.15 2.25 2.28 2.33 8.00 11.98

Trachea 0.82 0.70 0.75 0.97 4.82 4.16

LMB 1.73 1.74 2.07 2.43 2.53 2.84

RMB 0.10 0.12 0.14 0.22 0.05 0.08

The amount ofparticles that enter each lobe of the lung was also determined. In

the smoker model more particles enter the upper lobes (54.8 %) than the lower lobes. In

the normal breathing model approximately the same amount ofparticles enter the upper

(50.2 %) and lower lobes. The particles enter each lobe represent particles with the

potential to deposit in each zone. These percentages can be used to compare to in-vivo

deposition with respect to the lobes ofthe lung.

Figure 6.5 and Figure 6.6 show quantitative local deposition over each zone that

the models were divided into. Percent deposition is given for each zone in each model.

When the models were divided into the zones, there is an extra zone in the RMB for the

normal breathing model (4 in the smoker model and 5 in the normal breathing model).

This is worth noting when making a quantitative comparison of local particle deposition

for the RMB. However, this does not effect regional deposition. All other zones where

the same for the smoker and normal breathing model. Also, zones at the model exits are

incomplete and would give an underestimate ofdeposition ofa complete 3 to 5

generation model. It is worth nothing the inconsistent particle deposition in the smoker

model for particles sizes of 9 and 10 microns. This is due to random particle positions at

the inlet and can be reduced by increasing the number ofparticles injected into the model

(Robinson et al. 2006).

Fluent also offers a graphical representation of local deposition. This is done by

writing the exact particle position ofevery
particle on a boundary or a plane using the

Report Discrete Phase feature. In this research, particle summaries were written for each

wall boundary and plotted on the model in Gambit. Figure 6.7 shows local deposition for

0.1 micron particles in the smoker model, Figure 6.8 shows local deposition for 0.1

micron particles in the normal breathing model, Figure 6.9 shows local deposition for 10

micron particles in the smoker model and Figure 6.10 shows local deposition for 10
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micron particles in the normal breathing model. The 0.1 micron particles deposited more

dispersedly than the 10 micron particles even though less particles were deposited in the

0.1 micron case. These figures also show the difference in local particle deposition

between the smoker and the normal breathing models. Here you can see the

concentration ofparticles at the back ofthe throat, at the vocal cords and at the

bifurcations. The percent deposition in the bifurcation zones in the smoker model

compared to the nonsmoker model are shown in Figure 6.11.

6.4 Summary

CFD was performed on both models with the same solution parameters. The 3D-double

precision, segregated implicit solver was used for steady state flow calculations. The

turbulent SST k-co solver was used with the Green-Gauss node based gradient option. A

second order discretization scheme was used to solve for pressure and a second order

upwind discretization scheme was used for momentum, turbulent kinetic energy and

specific dissipation rate. Both models had the same boundary conditions with the

exception ofthe velocity magnitude at the inlet. The velocity inlet magnitude was 9.468

m/s and 4.962 m/s for the smoker and normal breathing models respectively. These

values were based on tidal values of 1500 ml and 500 ml and inhale times of 3 seconds

and 2 seconds for the smoker and normal breathing models respectively. The boundary

conditions at the outlets were zero gage and the walls were set to no slip. In both cases

the models iterated with the adjustment ofthe under relaxation factors for approximately

5000 iterations before the solutions converged (at least 5 orders ofmagnitude).

Particle deposition was determined in the two models. 50,000 inert unit density

spheres with a density of 1000
kg/m3

were created and injected at random positions into

the domain at the inlet ofeach model. The particle trajectories were solved for as steady

state and uncoupled. Total, regional and quantitative local deposition was determined.

It was found that there was more particle deposition in the smoker model (45 % ofall

particles) than the normal breathing model (21 % ofall particlesO, and that in both

models particles were concentrated in the back of the throat, larynx and bifurcations.
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Figure 6.6: Quantitative local particle deposition for the normal breathing model.
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Figure 6.7: 0.1 micron particle deposition in the smoker model
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Figure 6.8: 0.1 micron particle deposition in the normal breathing model.
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Figure 6.9: 10 micron local particle deposition for the smoker model

Figure 6.10: 10 micron local particle deposition for the normal breathing model.
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Particle Deposition in Bifurcation Zones
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Figure 6.11: Percent deposition in Bifurcation Zones.
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Chapter 7

Conclusions and Future Work

7.1 Conclusions

This research gives valuable results pertaining to lung deposition studies. It has

quantified the particle deposition in the oral cavity, larynx region and generations 0 to 5

ofthe respiratory tract during the inhalation ofa cigarette and during normal breathing. It

was found that the percent particle deposition increased from the normal breathing model

to the smoker model, which is significant in two ways. The deposition results from these

models can not actually be compared to human subject data because these models do not

include the alveoli.

First it shows that many particles are depositing in the upper respiratory tract

while smoking. In the smoker model, there is a significant amount ofparticles that

deposited in the oral cavity (13.6 %) and throat region (15.8 %) and 45 % of all particles

tracked deposited in the upper airways. This significant amount ofdeposition implies

correlates to in-vivo studies (Jemal, 2005) and could explain the amount oforal cavity,

larynx and lung and bronchi cancer.

Second it shows that more particles travel deeper in the lungs in the normal

breathing case. 79 % ofall particles that entered the normal breathing model exited the

model and therefore would have the potential to deposit deeper in the lung. More gas

exchange occurs deep in the lung so translocation ofparticles to other organs seems more

likely in a nonsmoker than in a smoker.

Further studies need to be conducted to examine the relationship between high

deposition ofparticles in the upper airways of a smoker and how it relates to cancer and

the relationship between particles that travel deeper within the lung and cancer in

nonsmokers. This study does not prove that more particles deposit deep in the lung ofa

nonsmoker, it just shows that the possibility exists.
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A study by Lee et al. (1998) gave reason to compare the deposition of a smoker to

a nonsmoker. Lee (1998) showed that there were more tumors in the upper lobes of the

lung (75.7 %) of smokers compared to nonsmokers (56.5 %). This research shows that

54.8 % ofparticles that enter the lobes ofthe lungs enter the upper lobes of the smoker

model and that 50.2 % ofparticles that enter the lobes ofthe lung enter the upper lobes of

the normal breathing model. Although the percentages ofparticles that enter each lobe

do not directly correlate with the percentage oftumors in that region, the particle pattern

found in this study supports the claim by Lee et al. (1998).

7.2 Limitations/ Future Work

There are a few limitations to this study that are worth noting for the progression of

future work. First, the mesh should be refined in areas where v+ exceeds the

recommended values to ensure flow accuracy at the walls. This was not performed in this

research due to memory limitations. Second, the CFD analysis should include an

unsteady state analysis to further examine the effects ofthe initial puffofcigarette smoke

and the secondary inhalation of fresh air on particle deposition. Secondary inhalation for

normal breathing is not constant in time. It is likely that for smokers that it is also steady.

Again this was neglected from this research due to memory constraints. Also, the

pressure boundary conditions should vary per generation. In this research it was assumed

that all the outlets had the same pressure value, but in fact, due to truncated airways and

unaccounted for downstream conditions, the pressure at each outlet would likely be

different. Pressures were kept constant for this work so that a comparison can be made

with future experimental data.

Other future work should include an extensive comparison between the particle

deposition determined from this study and specific sites ofcancer in the respiratory tract.

Quantitative local deposition was determined and should be compared to sites of cancer

in the lung to give insight about cancer as it relates to mouth shape and flow rate when

inhaling particles. Also, additional airway generations could be added (using HRCT for

example) and additional merging with medical illustrator models for smaller airways and

alveoli could be used to determine total lung deposition and how that relates to sites of

cancer.
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Appendix A

A.1 Anatomy Terminology

The lungs are the vital organs of respiratory system that are responsible for the exchange

ofoxygen into the blood and for the removal of carbon dioxide. The respiratory muscles

along with the diaphragm act to increase the intrathoracic volume, which creates a

negative pressure around the lungs causing the lungs to expand. This prompts the

conduction ofair through the upper respiratory tract and into the trachea and airways and

finally into the alveoli where gas exchange occurs. Breathing exposes the lung to dust

particles, bacteria and viruses. (Gray's Anatomy 2005)

The upper respiratory airways consist of the oral cavity and the larynx region. The

larynx is an air passage than extends from the tongue to the trachea (Figure 13.1). The

larynx also houses an organ ofphonation (talking). The vocal folds that are used for

phonation are formed from the free thickened upper edge ofthe cricovocal membrane.

The rima glottidis or glottis is the space between the vocal cords. The glottis is the

narrowest part of the larynx, and its width and shape can vary during respiration and

phonation. (Gray's Anatomy 2005)

The trachea is a tube like structure that is formed ofcartilage and muscle

membrane. The anterolateral portion ofthe trachea is made from incomplete cartilage

rings which hold a circular shape to the trachea for this portion. However, the posterior

side ofthe trachea is a flat muscular wall. Posterior to the trachea is the esophagus.

The trachea descends from the larynx and ends when it divides into right and left main

bronchi (Figure 12).

The right main bronchus (RMB) is wider, shorter and more vertical than the left

main bronchus (LMB) and divides into the right superior lobar bronchus (RSLB), right

middle lobar bronchus (RMLB), and the right inferior lobar bronchus (RILB). The LMB

divides into the left superior lobar bronchus (LSLB) and the left inferior lobar bronchus

(LILB). (Gray's Anatomy 2005)

The right lobe is divided into three lobes: a superior lobe, middle lobe and inferior

lobe which are fed by the RSLB, RMLB and RILB, respectively. The left lung is divided

into two lobes: a superior and an inferior lobe. The superior lobe is fed by the LSLB, and

the inferior lobe is fed by the LILB. (Gray's Anatomy 2005)
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Figure 3.1: Sagittal section showing main respiratory components.
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