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A B S T R A C T

The air-conditioning characteristics in nasal cavity models obtained from two subjects exhibiting different de-
grees of the nasal cycle states in terms of the airflow partition were investigated using computational fluid
dynamics. A constant inspiratory flow rate of approximately 250mL/s was considered, and the air temperature
and relative humidity at the inlet were assumed to be 25 °C and 35%, respectively. The air-conditioning capa-
cities of the congested and decongested sides were assessed by the amounts of epithelial heat and water vapor
transferred to the inhaled air through the airway from the nostrils to the end of the septum. The results revealed
that the air temperature and relative humidity near the end of the septum, respectively, reached approximately
31.4–32.5 °C and 81.4–88.0% in the decongested sides and 34.0–35.9 °C and 95.3–100% in the congested sides.
The differences seen in the air temperatures and relative humidity between the congested and decongested sides
were found to be larger in the cavity model that showed a larger degree of reciprocal change in the airflow rate.
From a fluid mechanics perspective, while the congested side is in a rest period during the nasal cycle such that a
lower amount of airflow is transported through it, this side, in effect, works to provide assistive air-conditioning
capacity to the nasal cavity and aids when insufficiently conditioned airflow passes through the decongested side
so that the inhaled air merging after the septum can approach the alveolar condition favorably through the
nasopharynx.

1. Introduction

The nasal cycle refers to the spontaneous changes in the nasal cavity
due to alternating congestion and decongestion of the nasal airways
resulting in a fluctuation in the airflow rate between the left and right
nasal passages. This phenomenon, however, may be observed as having
a wide range of patterns due to the differences in the airflow partition,
unilateral nasal patency, and duration time of the cycle observed
among subjects. For example, up to 80% of subjects exhibit periodic
and reciprocal changes in unilateral nasal resistance (Heetderks, 1927;
Stoksted, 1953; Hasegawa and Kern, 1978) while others exhibit irre-
gular patterns (Hasegawa and Kern, 1978; Gilbert and Rosenwasser,
1987; Flanagan and Eccles, 1997; Moore and Eccles, 2012). The fre-
quency of the nasal cycle has also been reported to show significant
individual variations, but typical reciprocal changes in nasal airflow are
known to occur on a time-scale in the range of 0.5–3.0 h (Flanagan and
Eccles, 1997).

There have been discussions on the role of the nasal cycle in nasal
physiology (Hasegawa and Kern, 1978; Eccles, 2000). The periodic

fluctuation of airflow partitioning has been typically correlated with
the burden-sharing aspects of the left and right sides of the nasal cavity
(Eccles, 2000; Lang et al., 2003; Moore and Eccles, 2012). In fact, Jo
et al. (2015) showed that the flow partition ratio could be skewed to as
much as 1:4 between the congested and decongested sides. Also, the
unilateral nasal resistance of the decongested side could be reduced to
about 12–13% of that of the congested side. Therefore, the physiolo-
gical role of the nasal cycle can be interpreted in terms of its role in
providing a rest period to the nasal cavity from the flow dynamics
viewpoint.

Several studies have suggested that the air-conditioning capacity of
the nasal cavity is important in maintaining physiological homeostasis
(Rouadi et al., 1999; Lindemann et al., 2002; Wolf et al., 2004; Elad
et al., 2008; Kim et al., 2017). During a quiet breathing situation, the
inhaled air is conditioned so that it reaches approximately 31–34 °C and
over 90% relative humidity (RH) before it reaches the pharynx (Rouadi
et al., 1999; Keck et al., 2000; Naftali et al., 2005; Kim et al., 2017).
Achieving a near alveolar condition before reaching the lungs is im-
portant to protect the alveolar lining. However, it is uncertain whether
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the air inhaled through the decongested side can be sufficiently con-
ditioned during the nasal cycle states. A proper assessment of the di-
vision of the air warming and humidification tasks between the con-
gested and decongested airway passages is likely to be important, but
there is only limited information regarding this in the existing litera-
ture. Patel et al. (2015) investigated the importance of the nasal cycle
before and after surgery in patients experiencing nasal airway ob-
struction. They observed sizable fluctuations both in nasal resistance
and mucosal cooling between the nasal passages during the nasal cycle.
Although only overall information on the average heat flux was dis-
cussed in their work, their results suggest that the level of the air-
conditioning duty also alternates between sides in phases during the
nasal cycle states.

The objective of the present work is to investigate the physiological
role of the nasal cycle in the air-conditioning capacities of the congested
and decongested sides of the nasal cavity. Nasal cavity models were
constructed using the CT data of two subjects exhibiting different de-
grees of the nasal cycle states. The air-conditioning characteristics were
examined by the temperature and water vapor concentration fields as
well as the velocity fields.

2. Material and methods

2.1. Construction of the nasal cavity models

CT images of a cohort of 32 patients were visually reviewed, and
two patients (a 29-year-old male and a 34-year old female) exhibiting
obvious alternating changes in turbinate thickness between the nasal
passages due to the nasal cycle were chosen similar to the study of Jo
et al. (2015). The male patient (patient 1) was found to have obvious
reciprocal changes, whereas the female patient (patient 2) had rather
mild reciprocal variations. Both patients suffered from chronic rhino-
sinusitis but did not have a history of surgical intervention for the
medical management of the nasal obstruction.

Computational models were created using the CT data of the two
patients after the existence of the nasal cycle was confirmed. CT images
were taken during a routine clinical procedure and were processed
using the computer-aided design software Vworks v4.0 (Cybermed Inc.,
Seoul, Korea). This study was approved by the Institutional Review
Board of the Samsung Medical Center, Seoul, Korea. The numerical
models used in the study by Jo et al. (2015) were improved by adding a
large portion of the faces to the nasal cavities as shown in Fig. 1. These
reconstructed computational models are expected to demonstrate a
more realistic inflow through the nostrils than in those used in the Jo
et al. study (2015) and, thus, would result in a more accurate assess-
ment of the velocity field inside the nasal airway and the flow rate
partition ratios between the left and right airways. The geometric
characteristics of these models for the patients are exhibited in Fig. 2.
To be consistent with the notations of Jo et al. (2015), Case 1 and Case

2 represent the nasal cavity models of patient 1 and patient 2, respec-
tively. In addition, Case 1-L refers to the cavity model of patient 1 with
a congested state on the left side whereas Case 1-R denotes the cavity
model with a congested state on the right side. Case 2-L and Case 2-R
also represent the cavity models of patient 2 with a congested state on
the left and right sides, respectively.

To define the vestibule, we used an approach similar to that of
Garcia et al. (2007). A 3D curve on the nasal surface was generated by
intersecting a sphere with the nasal cavity. It was assumed that this
curve reasonably divided the surface of nasal cavity into the vestibule
and nasal cavity proper. Due to the difference in anatomical geometry
of the anterior part of the nose of four cavity models, different values of
the diameter of the sphere (33–35mm, 35–38mm, 25mm, and 25mm
for Case1-L, Case1-R, Case2-L, and Case2-R, respectively) were used to
define the vestibule.

Based on the inspiratory airflow rate of approximately 250mL/s,
the flow partition was found to vary depending on the cavity models
(Table 1). Case 1 exhibited a more pronounced reciprocal change of
flow rates between the nasal passages than Case 2.

2.2. Numerical details

It was assumed that the general behavior of the inhaled air during
the inspiration period could be reasonably represented by a steady flow
field obtained with an airflow rate of 250mL/s. This constant airflow
rate was implemented by adjusting appropriate values for the outlet
pressures of each cavity model, and the resulting flow-fields were ob-
tained using the ANSYS-Fluent R19.1 software with an assumption of a
laminar flow regime.

For the evaluation of the air-conditioning capacity of the nasal
cavity, both the temperature and water vapor concentration fields were
also obtained by incorporating the methodology described by Kim et al.
(2017). In their wall model, the respiratory epithelium is assumed to be
covered with a mucus layer. The connective tissue layer—lamina pro-
pria—containing rich blood vessels underlying the epithelium is mod-
eled as a heat reservoir maintaining a constant temperature of Ttissue and
the mucus layer is modeled as a heat conducting layer consisting of
liquid water with a thickness of δm. In the present work, the tempera-
ture and water vapor concentration distributions along the epithelial
surface of the nasal cavity were predicted with the choices of two
parameters, i.e., 5 mm for the thickness of the mucus layer (δm) and
36 °C for the tissue temperature (Ttissue), which were shown to produce
the best results compared to the measurement data of Lindemann et al.
(2002). Note that the interface between the mucus layer and the in-
haled air is defined as the ‘surface,’ and the temperature at the surface,
Tsurface, was determined a posteriori after numerical convergence was
achieved in the methodology by Kim et al. (2017). The RH along the
surface of the nasal cavity was assumed to be 100%.

At the inlet of the computational domain, the pressure was set to
zero, and the inhaled air was assumed to be at the typical atmospheric
condition of 25 °C and 35% RH. At the outlet, the pressure was adjusted
for each of the cavity models so that an air flow rate of approximately
250mL/s was achieved. The vestibule area is lined with squamous
epithelium, and, thus, almost no water vapor transfer to the air is al-
lowed there. Hence, the zero-water vapor flux boundary condition at
the surface was implemented using an in-house code in the form of a
user-defined-function in the vestibule area. The temperature along the
facial skin is known to vary depending on the location (Ariyaratnam
and Rood, 1990); however, a constant value of 32 °C that was obtained
in the cheek area (Ariyaratnam and Rood, 1990) was assumed for the
present computation.

The computational mesh was generated using the ANSYS Meshing
R19.1 software with combined tetrahedral and prism elements. As was
done in previous studies with similar geometry (Jo et al., 2015; Kim
et al., 2017), 7 layers of prism elements were placed along the epithelial
surface to improve the numerical accuracy. The 1st prism has a

Fig. 1. Construction of computational models with approximately 8 million
mesh elements.
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thickness of ×
−2 10 5 m, and the remaining 6 prisms were generated

using a growth rate of 1.1. Approximately 4 million mesh elements
were found to be reasonably sufficient for the study of the velocity field
by Jo et al. (2015), but an enhanced resolution with about 8 million
elements was shown to be recommended for the proper evaluation of
temperature and water vapor concentration fields in a similar geometry
by Kim et al. (2017). Accordingly, a computational mesh was con-
structed using approximately 8.0 million mesh elements for the four
cavity models considered in the present study.

We used mass-weighted average temperature and relative humidity
to present the results of the inhaled air.

3. Results

3.1. Geometric information of nasal cavities models

The distributions of the cross-sectional areas through the airway
passage from the nostrils to the nasopharynx are shown in Fig. 3. The
degree of asymmetry in the cross-sectional area between the left and
right sides is much larger in Case 1 than in Case 2. The geometry related
quantities—airway volume and surface area of the nasal airway from
the nostril to the end of the septum, surface area to volume ratio
(SAVR) (Garcia et al., 2007), flow partition ratio, and unilateral nasal
resistance—are summarized in Table 2. Although the airway volume of
the decongested side is much larger than that of the congested side for
both Case 1 and Case 2, the difference in surface areas was found to be

small. As a result, the SAVR is considerably larger in the congested
sides. Consistent with the reduced volume flow rate through the con-
gested sides, the unilateral nasal resistance defined between the nostrils
and choanae is also much larger on these sides.

3.2. Temperature and water vapor concentration fields

The temperature distributions along the epithelial surface are
shown in Fig. 4. In Case 1-L, the surface temperature was found to be
higher in the posterior part of the nasal cavity on the congested side
(Fig. 4a). Note that the geometric characteristics for Case 1-L are that
the cross-sectional areas of the congested and decongested sides are
almost identical from the nostril to the anterior portion of the middle
meatus; however, the cross-sectional area of the decongested side is
much larger than that of the congested side thereafter. Similar behavior
of surface temperature distribution was seen in Case 1-R but to a lesser
degree than in Case 1-L (Fig. 4b). Notably, the difference in the cross-
sectional area between the congested and decongested sides posterior of
the middle meatus is smaller in Case 1-R than in Case 1-L. In Case 2,
where the reciprocal change of volume flow rate is not as obvious as in
Case 1 (Table 1), the difference in the surface temperature distribution
is also not obvious as seen in Case 1 (Fig. 4c–d).

The distributions of surface heat flux are similar to those of surface
temperatures (Fig. 5). Consequently, the heat supply from the epithelial
surface to the inhaled air can occur throughout the main airway pas-
sage on the decongested sides, but it is limited to the anterior region of

Fig. 2. Geometric characteristics of the computational models. (a) Case 1-L and Case 1-R, (b) Case 2-L, Case 2-R.

Table 1
Partition of the volume flow rate through the congested and decongested sides for the four cavity models.

Case description Cavity model Volume flow rate (mL/s) (right side: left side)

Case 1 (patient 1) Case 1-L (left side congested) 203.4 : 45.1
Case 1-R (right side congested) 60.2 : 188.3

Case 2 (patient 2) Case 2-L (left side congested) 134.9 : 113.4
Case 2-R (right side congested) 111.8 : 137.4

Fig. 3. Distribution of the cross-sectional area for the planes perpendicular to the local flow direction. (a) Case 1, (b) Case 2.
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the middle meatus on the congested sides for Case 1 (Fig. 5a–b). This
implies that the posterior part of the cavity on the congested sides lose
less heat to the air and, thus, maintain a higher surface temperature.
Again, the difference in surface heat flux between the congested and
decongested sides is hardly seen in Case 2 (Fig. 5c–d).

The water vapor flux from the surface is shown in Fig. 6. The ex-
istence of a high correlation between the water vapor and surface heat
flux is evident. Specifically, the water vapor transfer from the surface to
the air is restricted to the nasal valve area and the anterior of the middle
turbinate on the congested sides and it is more distributed along the
main airway passage on the decongested sides for Case 1 (Fig. 6a). Note
that the water vapor flux does not exist in the vestibule area due to a
zero-flux boundary condition set there. As with the behavior shown in
Fig. 5c–d, the region having non-negligible water vapor transfer at the
surface is distributed in larger areas on both the congested and de-
congested sides in Case 2 where the reciprocal change is not as obvious
as in Case 1 (Fig. 6c–d).

The temperature variation of the inhaled air is displayed in Fig. 7.
The temperature of the air approaching the end of the septum was

found to be higher on the congested sides of both Case 1 and Case 2.
Since the air temperature change is determined by the balance between
the volume flow rate of the air and the amount of heat transfer from the
epithelial surface to the air, several parameters relevant to air-con-
ditioning characteristics were examined and summarized in Table 3.
Although the amount of total heat transfer from the surface to the air is
less on the congested sides, the much lower volume flow rate (as shown
in Table 2) resulted in a higher temperature rise of the air by the end of
the septum on this side for Case 1. For example, the air temperature in
the decongested and congested sides, reached about 31.6 and 35.9 °C
for Case 1-L and 31.4 and 35.7 °C for Case 1-R, respectively (Fig. 7a). A
similar behavior is seen for the relative humidity distribution in Fig. 8.
In brief, the total amount of water vapor transported from the surface to
the air is lower on the congested sides for Case 1; however, the relative
humidity of the air reached approximately 100% by the end of the
septum on these sides for Case 1-L and Case 1-R, while the relative
humidity was approximately 81.4–82.3% for Case 1-L and Case 1-R in
the decongested sides (Fig. 8a).

When the nasal cycle is less obvious in Case 2, the general behaviors

Table 2
Geometric characteristics of the four cavity models.

Case 1 (patient 1) Case 2 (patient 2)

Case 1-L (left side congested) Case 1-R (right side congested) Case 2-L (left side congested) Case 2-R (right side congested)

right left right left right left right left

airway volume from nostril to choanae
[103 mm3]

15.25 6.04 6.55 11.75 13.70 10.36 9.68 11.88

surface area from nostril to choanae
[103 mm2]

8.58 8.21 8.22 8.20 8.64 8.91 8.72 8.47

SAVR (surface area to volume ratio)
[mm−1]

0.563 1.360 1.254 0.698 0.631 0.860 0.901 0.713

flow partition ratio [%] 81.8 18.2 24.2 75.8 54.3 45.7 44.9 55.1
unilateral nasal resistance [Pa∙s/(m∙mL)] 0.0254 0.243 0.188 0.0256 0.0132 0.0249 0.0325 0.0101

Fig. 4. Distribution of surface temperature. (a) Case 1-L, (b) Case 1-R, (c) Case 2-L, (d) Case 2-R.
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Fig. 5. Distribution of surface heat flux. (a) Case 1-L, (b) Case 1-R, (c) Case 2-L, (d) Case 2-R.

Fig. 6. Distribution of surface water vapor flux. (a) Case 1-L, (b) Case 1-R, (c) Case 2-L, (d) Case 2-R.
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of the air temperature and relative humidity distributions are similar to
those displayed by Case 1; thus, the air temperatures and relative hu-
midity are higher on the congested sides (Figs. 7–8). However, the
differences in the air temperature and relative humidity between the
congested and decongested sides were found to be reduced
(Figs. 7b–8b). Air temperature differences were reduced to 1.9 °C for
Case 2-L and 1.5 °C for Case 2-R, and the differences in relative hu-
midity between the two sides were also reduced to 12.3% for Case 2-L
and 7.5% for Case 2-R.

Correlations between the air-conditioning function and the nasal
geometry were investigated using the information listed in Tables 1–3
Fig. 9a–b shows that both the heat and water vapor fluxes at the surface
decrease with SAVR for Case 1 where the flow partition is highly
skewed. However, in Case 2 where the reciprocal change is not as large
as in Case 1, the behavior seen in Case 1 is not clearly observed. Fig. 9c
shows that epithelial heat flux also decreases with nasal resistance for
Case 1. This behavior is consistent with the observation seen in

Fig. 9a–b noting that the congested sides have a larger nasal resistance
and SAVR than the congested sides. Fig. 9d suggests that the epithelial
heat flux increases with the flow partition ratio for Case 1. That is, the
decongested sides provide larger heat fluxes from the epithelial surface
than the congested sides for this cavity model.

4. Discussion

The air-conditioning characteristics during the nasal cycle were
investigated numerically with four nasal cavity models that represent
both the congested and decongested states of the nasal cycle. An in-
spiratory air flow rate of approximately 250mL/s was considered. In
addition to the velocity field, the temperature and water vapor con-
centration fields were calculated to assess the distributions of air tem-
perature and relative humidity using the methodology described by
Kim et al. (2017).

The physiological role of the nasal cycle is still not clearly

Fig. 7. Distribution of average temperature of inhaled air along the distance from nostrils.

Table 3
Air-conditioning characteristics of the four cavity models.

Case 1 (patient 1) Case 2 (patient 2)

Case 1-L (left side congested) Case 1-R (right side
congested)

Case 2-L (left side congested) Case 2-R (right side congested)

right left right left right left right left

heat flux at surface [W/m2] 156.2 61.1 80.2 147.6 108.8 117.3 121.7 126.4
total heat transfer rate at surface [W] 1.340 0.502 0.659 1.210 0.940 1.045 1.062 1.070
air temperature near the end of septum [oC] 31.6 35.9 35.7 31.4 32.1 34.0 34.0 32.5
surface water vapor flux [10−4 kg/(s∙m2)] 4.72 1.96 2.55 4.52 3.36 3.77 3.79 3.90
total water vapor transfer rate at surface

[10−6 kg/s]
4.05 1.61 2.10 3.71 2.90 3.36 3.31 3.31

air humidity near the end of septum [%] 82.3 100.0 99.7 81.4 83.0 95.3 95.5 88.0

Fig. 8. Distribution of average relative humidity of inhaled air along the distance from nostrils.
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understood, but it frequently has been linked to the alternating ease of
the respiratory burden between the two nasal sides (Eccles, 2000; Lang
et al., 2003; Moore and Eccles, 2012). In brief, the decongested side
having the larger cross-sectional area transports a significantly in-
creased amount of the airflow required for respiration while the con-
gested side is in a state of rest from the standpoint of the breathing
effort. For example, the volume flow rate was shown to be partitioned
as approximately 82%:18% between the decongested and congested
sides in Case 1-L (Table 2). In order to allow an increased airflow rate
on the decongested side, the nasal resistance is reduced by enlarging the
cross-sectional area resulting in a larger airway volume as shown in
Tables 1 and 2

Although the overall transfer of heat and water vapor from the
surface to the inhaled air was larger in the decongested side for Case 1,
the larger volume or, equivalently, increased volume flow rate resulted
in a lower air temperature and relative humidity on this side by the end
of the septum. However, Figs. 7a–8a show that the air temperature and
relative humidity right after the choanae where the two separate
streams from the left and right airway passages merged approached
33 °C and 90%, respectively, for Case 1. Note that these values are in
the range typically observed in the nasal cavity (Cole, 1953; Keck et al.,
2000; Lindemann et al., 2002, 2003; Kim et al., 2017). Therefore, the
insufficient performance of the air-conditioning duty for the heavily
overloaded decongested side, due to the significantly increased airflow
rate, was complemented by the assistive performance of the less loaded
congested side. Without this supportive contribution of the congested
side, an appropriate thermodynamic state of the air in terms of
warming and humidification would not be expected to be obtained after
the choanae. Noting that the epithelial heat and water vapor fluxes are
not uniformly distributed over the cavity but mainly occur in the
anterior portion of the middle meatus in the congested sides and
through the main airway in the decongested sides (Figs. 5–6), surgical

planning should be carefully designed not to cause significant dis-
turbances in the air-condition capacity.

In a study of atrophic rhinitis (AR), Garcia et al. (2007) proposed
that the main symptoms of AR, such as dryness and crusting, resulted
from excessive evaporation from the mucous layer. This hypothesis can
be understood by interpreting that the abnormally wide nasal cavity
associated with AR, which has an average SAVR of 0.45, was not able to
condition inhaled air as effectively as the decongested sides of the
present cavity model for Case 1. Note that this value of SAVR is lower
than the lowest value in the present investigation; however, large epi-
thelial heat loss is expected at this low SAVR value inferred from
Fig. 9a. Therefore, the epithelial surface of the nasal cavities for AR
subjects who have a low SAVR maintained permanently is likely to
experience an excessively evaporated environment constantly. This
physical interpretation is also consistent with the observation made by
Drettner et al. (1977) that atrophic noses do not condition the air as
effectively as normal ones.

Although the inhaled air flow was shown to be sufficiently condi-
tioned after the choanae even in Case 1-L where the flow partition is
skewed, there may be an upper limit of the flow partition ratio—or the
maximum airway volume of the decongested side—beyond which the
air temperature and humidity regulation to the near alveolar condition
is not possible. Therefore, it would be interesting to find an upper limit
of the flow partition ratio from the viewpoint of air-conditioning ca-
pacity. When the volume increase of the decongested side experiencing
nasal cycle states is combined with the effect of symptoms, such as
septal deviation or AR, the increased amount of air through the de-
congested side may result in an insufficiently conditioned state after the
choanae that may cause a burden to the airway leading to the lungs.

Several limitations of the present study need to be mentioned. The
present results suggest that the congested side is not completely dor-
mant but is still active to provide the air-conditioning capacity to

Fig. 9. Correlations between the air-conditioning function and the nasal geometry. (a) Epithelial heat flux vs. SAVR, (b) Epithelial water vapor flux vs. SAVR, (c)
Epithelial heat flux vs. nasal resistance, (d) Epithelial heat flux vs. flow partition ratio.
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compensate for the deficiency in the decongested side. Since only four
cavity models have been examined, this speculation requires more
evidence from further studies. The nasal cycle appears in various forms
regarding the duration time, the difference in the cross-sectional area of
the cavity, and the flow partition ratio; therefore, future studies are
required to define the physiological outcome of the nasal cycle from the
standpoint of air-conditioning capacity.

Additionally, an issue arises due to assuming a constant flow rate of
250mL/s that represents an average flow rate during an inspiration
period. For a quiet breathing situation at a typical frequency of 15
breaths/min, Doorly et al. (2008) showed that a quasi-steady approx-
imation is valid for a Womersley number of less than 3. Kim et al.
(2017) showed that the Womersley number is in the range of 0.5–1.75
in the region anterior to the choanae where significant epithelial heat
and water vapor transfer occur at the given flow rate of 250mL/s. Thus,
it was assumed that the present quasi-steady approximation is reason-
ably acceptable except in the region posterior to the choanae. Never-
theless, a transient simulation is required in future studies to elucidate
the inertial effect on the air-conditioning capacity in the nasal cycle.

5. Conclusion

The air-conditioning capacity was examined using computational
fluid dynamics for the nasal cavity models exhibiting alternating nasal
cycle states. A constant inspiratory flow rate of approximately 250mL/s
was considered. In addition to the velocity field, both the temperature
and water vapor concentration fields were obtained to assess the tem-
perature and humidity distributions of the inhaled air through the nasal
cavity. Even if the total amounts of heat and water vapor transferred
from the epithelial surface to the air are larger through the decongested
side, it is possible that the air-conditioning capacity is not sufficient
enough to properly process the significantly increased amount of air-
flow passing through this side. For example, the temperature and re-
lative humidity of the air were found to be approximately 31.6 °C and
82.3% on the decongested side while higher values of about 35.9 °C and
100% were obtained on the congested side for the cavity model ex-
hibiting a flow partition ratio of approximately 82%:18%. However, for
the cavity models showing less obvious nasal cycle states, the differ-
ences in the air temperature and relative humidity between the con-
gested and decongested sides were found to be reduced. Therefore, the
air-conditioning requirement for the congested side is thought to be
regulated by the amount of the airflow partition ratio; thus, it is phy-
siologically important for the inhaled air to reach the alveolar condition
after the choanae.
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