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Abstract
This research investigates the computational analysis of airflow during inspiration and the tracking of particles in the human respiratory system from the nasal 
cavity to the third generation of the lungs. Also, the effect of geometric features of nasal cavities on their airflow is evaluated in this study. The actual geometry of 
the respiratory tract was extracted from CT-Scan medical images of a healthy person using image processing software. The flow is evaluated in laminar and steady 
states. The airflow rate at nasal entrances was assumed to be 20 L/min, which is related to sitting and resting situations. The movement and deposition of particles 
with a diameter of 1-30 micrometers in different parts of the human respiratory system have also been evaluated. The fluid field and movements of solid particles 
were evaluated by Eulerian and Lagrangian methods, respectively. Based on the obtained results, the greater the diameter of the particles, the more particles will be 
deposited in the nasal cavity.
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Introduction
The nose is the first passageway through which air can pass towards 

our lungs. The nasal cavity connects the ambient environment and the 
pharyngeal portion of the upper airway, providing humans with warm 
and humidified air, protecting them from pathogens and particulate 
matters from the inspired air, and enabling them with olfaction. All 
of these are associated with the airflow in the nasal cavity, which is 
significantly determined by nasal morphology and flow rate. 

In the past several decades, experimental and numerical studies 
of flow dynamics and particle deposition in the nasal cavity have been 
investigated by many researchers. As for experimental studies, Schreck 
et al. [1] investigated the airflow through human nasal passages. Hahn 
et al. [2] evaluated the airflow in a nasal cavity replica model and found 
that the airflow was laminar up to a breathing rate of 24 L/min. By 
producing models that replicate the nasal anatomy, Kim and Chung [3] 
also showed the relation between geometric variations of the middle 
turbinate and the airflow patterns in the nose. Hopkins et al. [4], Kelly 
et al. [5], Taylor et al. [6] and Doorly et al. [7] have also performed a 
series of experimental investigations of the airflow in the nasal cavity. 

Recently, with the advantage of computational fluid dynamics 
(CFD), numerous computational simulations of airflow and particle 
deposition patterns in the nasal cavity have been reported. These 
simulations are reconstructed by models from computed tomography 
(CT) and Magnetic Resonance Imaging (MRI) scans. Computational 
simulations have become a new reliable trend for nasal airflow 
exploration and demand fewer resources. The work of Liu et al. [8,9], 
Shanley et al. [10], Shi et al. [11], Xi and Longest [12], Kimbell [13], 
Wang et al. [14], Moghadas et al. [15] and Abouali et al. [16] are a few 
examples of researchers that have employed the CFD approach.

The research of Zachow et al. [17] and Wen et al. [18] are examples 
of some recent numerical studies of the airflow. Moreover, Zamankhan 
et al. [19], Xi and Longest [12], Wang et al. [14] and Se et al. [20] 
investigated the mechanics of airflow in human nasal airways in detail. 
The numerical analysis of the respiratory flow pattern in the upper 
airway of a human being was presented by Wang et al. [21]. The airway 
model in their work consisted of the nasal cavity, pharynx, larynx, and 
trachea that was built based on the CT images of a healthy person. 
Developing an anatomically accurate human upper airway model based 
on multiple MRI axial scans. Mylavarapu et al. [22] conducted detailed 
CFD simulations during expiration to investigate the fluid flow in the 
airway regions where obstruction could occur. 

Additionally, it is important to make sure that particle deposition 
occurs at some targeted areas for therapeutic inhalation drug delivery 
and that drugs with sub-micrometer particles are used in order to 
efficiently deliver them to the lungs [23,24]. Thus, understanding the 
regional particle deposition in the human upper airway and the fraction 
of particles entering the lungs would be of major importance for using 
aerosol inhalation in controlled pulmonary drug delivery as well as 
establishing proper links between certain lung diseases and exposure to 
hazardous airborne particulate matter. 
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radiologist separately and both confirmed the respiratory system of the 
person to be healthy.

A CT-scan is a noninvasive medical procedure that uses specialized 
X-ray equipment to produce cross-sectional images of the body. 
Although this device enables physicians to visualize the body from 
various angles, images are usually taken from three different angles 
including coronel, sagittal and axial (as illustrated in Figure 1). Data 
extracted from the images were sent to a computer to reconstruct all of 
the individual “snapshots” into one or multiple cross-sectional images 
of the internal organs and tissues. In a CT-scan, various densities of 
tissue can be easily distinguished. Areas with high density, for example 
bone tissues, were lighter than the darkly colored areas, such as air 
cavities where densities are lower. As one may notice from Figure 1, the 
oral cavity and sinuses were also seen in black. In fact, distinguishing 
between the oral and nasal cavities, as well as determining the small 
airways in the lungs, was among the factors that make the image 
processing phase more difficult. Comprehensive knowledge of the nasal 
airway anatomy was crucial in this process. So, the images have been 
viewed by a consultant physician in order to distinguish the areas more 
precisely.

The challenges of the reconstruction process have been pointed 
out by many researchers [37,19]. Different methods were utilized to 
generate an accurate 3-D model from the 2-D coronal cross-sections. 
In the present study, the 3-D geometry of the human respiratory tract 
was reconstructed as follows. First, CT-scan images with DICOM 
formatting were taken from the subject. Next, the CT-scan images were 
processed by image processing software and the coordinates of the 
airway boundaries were indicated. Finally, the 3-D model of the human 
airway was created and then exported to meshing software to become 
ready for CFD analysis.

By considering the nose as the entrance for air and also defining 
eight different surfaces in the third generation of the lungs for the outlet 
of air, a realistic geometric model of the human respiratory system was 
developed. As it can be seen in Figure 2, different parts of the respiratory 
system have been shown with distinct colors.

Mesh generation and nasal geometry

By using ANSYS/ICEM, the 3-D model with a smooth surface 
and the non-uniform mesh were created. Because the behavior of 
the particles near the walls was significant for deposition study, four 
boundary layers with 1.2 growing ratios were generated near the 
walls. Previous studies showed that a refined mesh with y+w<2 near 
the walls, makes the particle deposition results independent from the 
grid sizes [38]. In order to achieve grid independence of the flow field 
and particle deposition fractions, five different meshes (3.35, 4.24, 5.32, 

Up to now, many experimental and numerical studies on particle 
transport and deposition through human nasal passages have been 
performed. Strong and Swift [25], Cheng et al. [26] and Swift et al. [27] 
measured the capture of ultrafine particles in the human nasal passage. 
Cheng et al. [28,29] and Cheng [30] have evaluated the deposition 
efficiency in the human nasal passage. Swift and Strong [31] presented 
an empirical relation for deposition efficiency in the human nasal 
passage for nano-sized particles by evaluating three persons. Measuring 
the particle deposition in different models that replicated the nasal 
airway, Kelly et al. [32] concluded that for nano-sized particles, the 
surface quality of the nasal pathway does not significantly affect the 
nasal deposition. However, micro-particle deposition efficiency is 
strongly related to the condition of the nasal pathway. Recently Xi et al. 
[33] evaluated the transport and deposition of particles from the nasal 
cavity to the larynx based on a model extracted from MRI head images 
of a 5-year old boy. As for numerical studies, computer simulations of 
particle deposition in the nasal cavity were reported by Zamankhan et 
al. [19], Shi et al. [11], Liu et al. [8] and Wang et al. [21]. 

Borgstrom et al. [34] performed a literature survey on aerosol 
deposition in humans and concluded that lung deposition is largely 
determined by throat deposition as a major determinant for variability. 
By using direct numerical simulation (DNS), Lin et al. [35] compared 
two different airway models, one of which was from the mouth up to 
generation 6 and the other started from the trachea. They concluded 
that the second model that lacked upper airway could not provide a 
realistic airflow field in the lung. Thus, to reliably estimate the amount 
of deposition of particles inhaled in the lungs, one should not ignore 
the upper airway.

Kesavanathan et al. [36] evaluated the deposition of micro-particles 
in the respiratory tract in 40 people. They observed that the rate of 
deposition in these people is completely different, but in all cases, 
the number of particles that have been deposited is directly related 
to the Impaction Parameter (IP). This parameter shows the number 
of particles that have been deposited. For spherical particles, IP is 
defined as:

2IP Qd=                                                                                                (1)

where d is the diameter of particles and Q is the airflow rate. 

In this study, first, the air flow was numerically evaluated in a realistic 
model of the human upper respiratory system during inspiration. Then, 
the effect of differences in the geometric features of the left and right 
nasal cavity on the airflow was investigated. The proposed model was 
also used to estimate the micro-particle deposition in an airway model 
consisting of the nasal cavity extended to the third generation of the 
lungs. Fluid field and solid particles’ movements were simulated using 
the Eulerian and the Lagrangian methods, respectively.

Methods
Airway Model

In this work, the airflow characteristics were investigated by passing 
the airway through the nasal cavity (vestibule, nasal valve, and the main 
airway), pharynx, larynx, and trachea to the third generation of the 
lungs. The CT-scans of an 18-year-old healthy male (80 kg mass, 185 
cm height) which were provided by the Milad hospital in Isfahan, Iran, 
were used to construct the airway model (Figure 1). The cross sections 
were 1 mm apart and the images possessed a resolution of 512×512 
pixels. The images have been verified by an otolaryngologist as well as a 

 

Figure 1. CT-scan images of an 18-year-old male from coronal, axial and sagittal directions
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7.84, 10.5 million elements) have been generated. The mean air velocity 
at the entrance of the lungs has been compared in these five meshes. As 
shown in Figure 3a, the change in the air velocity for meshes with 7.84 
and 10.5 million elements was insignificant. For 7.84 million elements, 
the y+ is less than two near the walls, thus, this mesh was suitable for 
computational analysis and was used in the present study. Figure 3b 
indicates the refined meshes inside the nasal cavity and near the walls.

To better understand the measurements of the right and left nasal 
pathways, several cross sections have been created for the region 
extending from the nostril to the entrance of the pharynx (Figure 4A). 
Figure 4B demonstrates the shape of the airway in the nasal cavity for 
each cross section. Also, Figure 5 displays a 2D plot of the variation in 
the cross-sectional area, CSA (cm2), within centroid distance, Y (cm), 
for both nasal pathways.

The nose consists of the right and left cavities separated by the nasal 
septum. Air enters each nasal cavity uniformly through the nostril 
(section 0). The area extending from the nostril to the nasal valve is 
a funnel-shaped region called the vestibule. The narrow end of the 
vestibule leads to a nasal valve (section 1). Beyond the nasal valve, the 
main nasal passages begin (section 2). The CSA of the airway increases 
in the main nasal passage. There are three wing-like tissue projections 
in the main nasal passage: the inferior, the middle, and the superior 
turbinates. Three separate airways or meatus are located below each 
turbinate that is named correspondingly (e.g. the inferior, the middle, 
and the superior meatuses). As depicted in Figure 4A, there are three 
separate lines passing through these triple meatuses with the respective 
labels of SM, MM, and IM. The inferior and middle meatuses are larger 
than the superior meatus. The olfactory region is located above the 
middle meatus where the surface is covered with olfactory epithelium 
[39]. The main nasal passage is connected to the nasopharynx (after 
section 7), which leads to the pharynx.

The difference in the caliber between the left and right nasal 
pathways was reflected by the fact that the left pathway had a passage 
volume much smaller than that of the right one. The effects of 

geometrical discrepancies between pathways on the passing airflow will 
be evaluated later on in this study. Figure 5 shows that the maximum 
CSA in both the right and the left nasal pathways belonged to section 
4. Starting from the nostril, the CSA of the right nasal cavity was 
approximately 10 percent larger in comparison to that of the left 

Figure 2. The realistic model of the human respiratory system from the nose to the third 
generation of the lungs

a)

b)

Figure 3 a). Grid study based on mean velocity in the entrance of the lungs and b) the refine 
mesh inside the nasal cavity
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Figure 4. Various cross sections in the right and the left nasal pathways
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cavity. This difference in the areas of the left and the right nasal cavities 
increased in a way that by reaching section 6, the area of the right nasal 
cavity was approximately two times as much as the left one.

Governing equation

Airflow

In the present study, it was assumed that the airflow in the nasal 
cavity was a steady and laminar flow with constant fluid properties.

The momentum equation for this airflow was as follows:

21.u u p v u
ρ

∇ = − ∇ + ∇
                                                              (2)

In this equation P is the velocity vector, P  is the fluid pressure, 
ρ  is the fluid density, and 

. 0u∇ =


 is the kinematical viscosity applied to 
the momentum equation. By neglecting temperature effects and density 
variations, the continuity equation reduced to:

. 0u∇ =
                                                                                               (3)

Micro-Particle transport

As mentioned earlier, the micro-particle transport and deposition 
calculation were performed by a Lagrangian approach. This model 
tracked individual particles within the flow field. The primary advantage 
of this method was that the effect of various forces such as gravity, lift 
and the Brownian diffusivity, as well as particle inertia, can be included 
in the analysis.

The Lagrangian approach is most practical when the inertia has a 
noticeable effect for micro-particles. By ignoring the lift and Brownian 
effects, the particle’s equation of motion is given as:

2

3 Re
( )

4

p
D p pi

i i
p p Slip

Cdu u u g
dt d C

µ
ρ

= − +


 

                                                      (4)

In Eq. (4), pd  is the particle velocity vector, pd  is the particle 
diameter, 

pρ
 is the particle density, µ  is the fluid viscosity, g  is the 

acceleration gravity, and ( )Re p
p j j

du uρ µ= −  ( )Re p
p j j

du uρ µ= −  is the particle 
Reynolds number. Here DC

0.68724 (1 0.15Re )
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p

C = +                                                                      (5)

which is the particle drag coefficient, and slipC
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                                              (6)

is the Cunningham slip correction factor. In Eq. (6) λ  is the mean 
air free path. 

For solving these equations, the ANSYS-Fluent 6.3 software was 
used.

For the Lagrangian model, the deposition fraction was computed 
based on the number of deposited particles. The deposition fraction 
(DF) of microparticles for the region i  can be written as:

number of particles depositing in region i
number of particles entering at the geometry inletiDF =                         (7)

Results and discussion
Airflow structure

Based on the literature, the flow should be in laminar condition for 
a flow rate of less than 12 L/min in a single nasal passage [2]. Although 
Doorly et al. [7] reported a relatively undisturbed laminar flow within 
much of the cavity, they also observed some instability in the flow for this 
flow rate for an inspiratory jet entering the nasal cavity. The assumption 
of laminar flow for a flow rate of less than 12 L/min seemed reasonable 
for the steady flows. In the present work, for moderate activities, it was 
assumed that the airflow in the nasal cavity was laminar and steady, and 
the flow rate of 10 L/min per nostril was used in the simulations. The 
inlet velocity for the left and the right nasal pathways was 1.43 and 1.39 
m/s, respectively. These values were calculated based on the area of the 
inlet planes of the right and the left nostrils. Also, constant pressure was 
defined for the outlet boundary conditions.

In Figure 6, velocities of the air flowing on three different lines of IM, 
SM and MM (see Figure 4(A)) in the right and the left nasal pathways 
were depicted. Due to the funnel-shaped region of the vestibules, the 
air flow velocity increased from the nostrils to the nasal valve. After the 
nasal valve, with increases in the area of the nasal pathways, the velocity 
decreased. As showed in Figure 6, in all regions of the nasal pathway, 
the middle meatus had the highest air velocity. The peak velocity 
occurred in the nasal valve region (Y=1-2 cm) in the right nasal cavity 
and around the main nasal passage (Y=5-6 cm) for the left cavity. The 
least amount of velocity occurred in the olfactory region on the SM line 
in both cavities. 

In Figures 7, 8 and 9, the air flow velocity of these three sections has 
been compared separately in the left and the right nasal pathway. These 
figures clearly showed that the velocity distribution in the different 
sections of the nasal cavity was significantly influenced by the geometry 
of the nasal cavity. Although the inlet flow rate for both cavities has 
been equally assumed, the left nasal pathway that was narrower, had a 
higher airflow velocity in comparison to that of the right nasal pathway. 
So, the left nasal pathway had a higher tendency to become turbulent in 
some parts of this pathway.

Figure 5. Comparison of the CSA in the left and the right nasal cavities
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Figure 10 shows the pressure changes across the left and the right 
nasal pathways. This figure helps to better understand the effect of 
differences in the pathways’ geometry on the airflow. It was seen that 
the pressure drops for the narrower pathway (15 Pa) was higher than 
that of the right pathway (5 Pa). The pressure drop in the left nasal 
pathway was approximately 67 percent more than the corresponding 
one for the right pathway.

Figure 11 illustrates the velocity contours of the left and right nasal 
cavities near the septum. Airflow entered from the nostril into the 
vestibule region and then experienced almost a 90-degree diversion 
toward the main airway of the nasal cavity. Because of the centrifugal 
force effect in this region, airflow wanted to pass through the upper 

parts of the nasal cavity. But due to the small area of this section of 
the nasal passage, air flowed mainly through the middle and inferior 
meatus (IM & MM).

In most normal nasal cavities, the nasal valve has the least surface 
area. This causes the peak velocity to occur in the nasal valve region. In 
the present study, this result was repeated for the right pathway which 
had a maximum airflow velocity of 2.19 m/s at the nasal valve (Figure 
11). While the left pathway had a maximum airflow velocity of 2.89 m/s 
at the middle meatus (MM) of sections 5-6 (Figures 5 and 11). It should 
be noted that the CSA of sections 5-6 and the nasal valve (Section 
1) were approximately equal in the left pathway. However, since the 
airflow entering the sections 5-6 had a higher velocity than the inlet 
flow velocity that entering the nasal valve, the peak velocity of the left 
nasal pathway occurred in the middle of it. Seven cross sections had 
been created for the region extending from the nostril up to the end of 
the nasopharynx. The corresponding velocity contours at cross-sections 
1-7 are shown in Figure 12. These contours depicted the velocity 
distribution throughout the nasal cavity and illustrated that most of the 
airflow passed through the middle meatus area. The least quantity of 
air passed through the olfactory region that is located in the superior 
meatus. This air flow with low velocity permits air to enter the olfactory 
region and prevents the olfactory system from being damaged by the air 
flow. The results incorporated in the contours were in agreement with 
the velocity diagrams, which have been mentioned before.

 

Right(a) Left(b)

Figure 6. Air flow velocities in (a) the right and (b) the left nasal pathway

Figure 7. Air velocity in the right and the left nasal pathway on the IM line

Figure 8. Air velocity on the left and the right nasal pathway on the MM line

Figure 9. Air velocity in the right and the left nasal pathway on the SM line

Figure 10. Air pressure in the left and the right nasal cavity
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(a) Right 

 

(b) Left 

Figure 11. Velocity contours of the (a) right and (b) left nasal cavity near the septum wall

   

   

 
Figure 12. Velocity contours of different cross-sectional areas in the nasal cavities
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To better understand and evaluate the air flow in the pharynx, 
larynx, and trachea, five cross sections have been created throughout 
these regions (Figure 15). Diagrams of the velocity (Figure 13) and 
pressure (Figure 14) changes from the pharynx to the entrance of the 
lungs have been drawn. In the larynx (around section B-B’ in Figure 15), 
due to a decrease in the cross-section area that reached its minimum, 
the airflow velocity reached its maximum (approximately 4.3 m/s). After 
passing this region, with an increase in the cross-sectional areas, airflow 
developed, and the velocity decreased (Figure 13). Pressure dropped 
rapidly as flow transited the larynx. As 80 percent of the total pressure 
drop in these regions (oropharynx, larynx, and trachea) occurred at the 
end of the larynx and only 20 percent of the pressure drop occurred 
after larynx (Figure 14).

Particle deposition

Knowing the deposition rate of particles of a certain size and also 
the region of deposition in the human respiratory system, researchers 
and pharmacists can design better drugs for the treatment of respiratory 
diseases.

After evaluating the airflow in the nasal cavity, the transport and 
deposition of particles with a diameter of 1–30 micrometers were 
evaluated. Eq. 7 was utilized to calculate the deposition fraction. The 
deposition of different particles in the respiratory system has been 
studied in several works. In this study, the respiratory system has 
been divided into two major regions as the researcher has done in the 
previous study [40]. These regions consist of the extrathoracic (ET) 
and the tracheobronchial (TB) tree. The ET starts from the nostrils and 
goes to the larynx region. In this study, the TB stared from the trachea 
and went to the end of the third generation of the branching airways. 
Dividing the respiratory system into two segments helped to create a 
deposition fraction diagram to compare the deposition of particles with 
regard to their diameter in different regions of the respiratory system.

In much research [36,30,40,7], the deposition fraction of 
micrometer particles was illustrated in diagrams based on the impaction 
parameter (IP) mentioned earlier. Using this parameter, the deposition 
fraction has been illustrated in Figure 16. This diagram shows that the 
deposition fraction for particles with the diameter of 1-8 micrometers 
was approximately 5 percent in the TB region. For lower generations of 
the lungs, the deposition fraction decreased from 90 percent for one-

Figure 13. Air velocity in the pharynx, larynx, and trachea

Figure 14. Air pressure in the pharynx, larynx, and trachea

 

 

 

 

 

 

 

 

 

Figure 15. Velocity contours of cross sections in the pharynx, larynx, and trachea
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micrometer particles to 20 percent for eight-micrometer particles. As 
for particles within a larger scale, the deposition in the lungs decreased 
to almost zero.

In the upper part of the respiratory system (ET), the deposition rate 
started at around seven percent and increased as the diameter of the 
particles increased. This increase occurred in a way that the deposition 
rate for particles larger than 10 micrometers reached 97 percent in 
the ET region and prevented most particles from reaching the lungs. 
Therefore, in order to deliver the micrometer-sized drugs of pulmonary-
related diseases from the nasal cavity, the particles of drugs might have 
a diameter of smaller than 8 micrometers. Thus, medications with a size 
larger than 8 micrometers that are inhaled into the respiratory system 
from the nose could be used for the treatment of diseases associated 
with the nasal cavity. These could include nasal polyps, local allergies, 
and influenza vaccines.

Validation

Validation of our results was achieved by comparing the numerical 
results of particle deposition in the nasal cavity of the present model 
to different experimental data sets. Cheng [30] compared particle 
deposition in the nasal cavity reported by various researchers including 
himself. Evaluating particle deposition in the nasal cavity of different 
individuals, researchers have found that the trend of particle deposition 
data in the nasal cavity fits an exponential function as seen in Eq. 8. 
In this equation, only the constant ‘a’ have been changed in different 
studies. 

21 exp( )DF ad Q= − −                                                                         (8)

By comparing particle deposition in the nasal cavity reported by 
a number of researchers, Cheng [30] concluded that the constant ‘a’ 
varies from 0.00128 [41]–0.00839 [42] and has a mean of 0:00309 [30]. 
In this study, particle deposition in the nasal cavity was compared to 
the results mentioned above and the experimental data summarized in 
Cheng’s study as depicted in Figure 17.

After evaluating the deposition fraction of particles in the nasal 
cavity, the constant “a” in this study was achieved and was equaled to 
0.00153. Eq. 9 had the best fit to the present numerical results.

21 exp( 0.00153 )DF d Q= − −                                                             (9)

Conclusion
In the present study, the flow of the air through the passages in 

inspiration was examined. Also, the tracking of particles in the human 
respiratory system was investigated using a CFD approach. The effect 
of differences in the geometric features of the left and right nasal cavity 
on airflow in these cavities was investigated. Based on the results, the 
following conclusions can be drawn.

1.	 Although the inlet flow rates for both nostrils have been assumed 
to be equal, the left nasal pathway that is narrower had a higher 
airflow velocity than that of the right nasal pathway and had a higher 
tendency to become turbulent in some parts. The pressure drop for 
the narrower pathway was higher than the one for the right pathway.

2.	 In all regions of the nasal pathway, the middle meatus had the highest 
velocity of airflow. The least quantity of airflow passed through the 
olfactory region that is located in the superior meatus. This air flow 
with a low velocity could permit air to enter the olfactory region.

3.	 The nasal valve has the least area in the nasal cavity. This causes 
the peak velocity to occur in this region. This was true for the right 
pathway but for the left cavity, the peak velocity occurred around the 
middle of the main nasal passage. The CSA of this area and the nasal 
valve were approximately equal in the left pathway. But because the 
airflow that entering this region had a higher velocity in comparison 
to that of the inlet flow entering the nasal valve, the peak velocity of 
the left nasal pathway occurred in this section.

4.	 In the larynx, due to a decrease in the cross-sectional area that 
reached its minimum, the airflow velocity experienced its maximum 
value. After passing this region, there was an increase in the cross-
sectional areas, the airflow developed, and the velocity decreased. 
Pressure fell rapidly as flow transited the larynx, with 80% of the total 
pressure drop in these regions (oropharynx, larynx, and trachea).

5.	 During inspiration, half of the pressure drop occurred in the nasal 
cavity, while the other half occurred through the pharynx, larynx, 
trachea and three generations of the lungs. 

6.	 The deposition fraction for particles with a diameter of 1-8 
micrometers was approximately 5 percent in the TB region. For 
lower generations of the lungs, the deposition fraction decreased 
from 90 percent for one-micrometer particles to 20 percent for 
eight-micrometer particles. As for particles within a larger scale, the 
deposition in the lungs decreased to zero.Figure 16. Deposition fraction of particles in the human airway

Figure 17. Comparison of the deposition fraction of particles in the ET part with 
experimental results of some other researchers
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7.	 In the upper part of the respiratory system (ET), the deposition rate 
started at around 7 percent and increased as the diameter of the 
particles raised. This increase occurred in a way that the deposition 
rate for particles larger than 10 micrometers reached 97 percent in 
the ET region and prevented most particles from reaching the lungs.

8.	 Therefore, for delivery of micrometer-sized drugs of pulmonary-
related diseases from the nasal cavity, the particles of drugs might 
have a diameter smaller than 8 micrometers. Thus, medications with 
a size larger than 8 micrometers that are inhaled into the respiratory 
system from the nose could be used for the treatment of diseases 
associated with the nasal cavity, such as nasal polyps, local allergies, 
and influenza vaccines

9.	 With evaluating the deposition fraction of particles in the nasal 
cavity, Eq. (9) has the best fit to the present numerical results.
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