
 

 

 

Abstract— In this paper was considered the use of the numerical 

study of identification the main characteristics of air transport in the 

human nasal cavity. Investigation of air flow in the human nasal cavity 

is of considerable interest since breathing is done mainly through the 

nose. In this study conducted a two-dimensional numerical simulation 

of air transport in the cross-sections model of the nasal cavity to 

normal human nose based on the Navier-Stokes equations, the 

temperature transport equations and relative humidity equation. For 

the numerical solution of this system of equations is used projection 

method. The numerical solution of the equation system is divided into 

five stages. At the first step, it is assumed that the momentum transfer 

by convection and diffusion. The intermediate velocity field is solved 

by the 5-step Runge–Kutta method. At the second stage, the pressure 

field is solved by the found intermediate velocity field. The Poisson 

equation for the pressure field is solved by the Jacobi method. The 

third step assumes that the transfer is carried out only by the pressure 

gradient. The fourth and fifth steps of the temperature and relative 

humidity equations are also solved as momentum equations, with the 

5-step Runge–Kutta method. This numerical algorithm fully 

parallelized using different geometric decompositions. The obtained 

data transfer numerical modelling air human nasal cavity was verified 

with known numerical results in the form of velocity, temperature and 

relative humidity profiles. 
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I. INTRODUCTION 

HROUGH the nasal cavity there is a primary recognition 

of odours, through it we breathe in air, which passes into 

the alveolar state (it heats there to physiologically normal 

temperature and is completely saturated with water vapour). 

They serve as regulators of all air circulation, create a normal 

air temperature and are completely saturated with water 

vapour, cleaned and disinfected. Normally, the airflow passes 

through the nose at a speed of 6 litres per minute, this indicator 

can be increased to 10 litres per minute. 
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However, the nasal cavity has, depending on the cause of 

occurrence, curvatures and can be divided as: 

• Physiological 

• Compensatory 

• Traumatic 

With the aforementioned character of curvature, they 

negatively affect primarily the difficulty of breathing. Nasal 

breathing is very important, a systemic part of our body's vital 

activity and any of its disturbances sooner or later cause 

negative consequences for the human body. Most often, the 

cardiovascular system suffers, bronchitis or regular colds 

develop. Also, negative consequences for health due to the 

nasal cavity can be attributed to such reasons: 

 

• The difficulty with nasal breathing. 

• Chronic Rhinitis. 

• Allergic reactions. 

• Headache. 

• Dryness in the nose, discomfort and discomfort during 

nasal breathing. 

• Nasal bleeding. 

• Snoring at night 

• Increased fatigue, reduced performance, reduced resistance 

to physical stress. 

• Frequent infections with symptoms of ARI (a runny nose, 

coughing, sneezing), fever. 

• Symptoms of chronic inflammation of the pharynx and 

larynx: 

• Symptoms of inflammation in the middle ear: 

• Violation of the shape of the nose. 

• Deterioration of memory, thinking, the distraction of 

attention. 

 

The main method of eliminating the curvature of the nasal 

cavity is a surgical operation - septoplasty. However, it should 

be noted that the success of a surgical operation at best does 

not exceed 80%, which leads to a repeated surgical operation. 

And also the surgical operation will depend on the experience 

and skill of the surgeon. Naturally, to increase the percentage 

of a surgical operation success, it will be necessary to 

accurately make nasal cavity corrections. Since before the 

surgical intervention due to X-ray images, it will be possible to 

evaluate the nature of the curvature and with the help of 
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numerical modelling, it will be possible to correct and optimize 

the nasal cavity in advance. Knowing the preliminary accurate 

correction of the nasal sinus, the surgeon can increase the 

percentage of the surgical operation success that will 

accordingly reduce the percentage of the reoperation. 

The nasal cavity balances the inhaled air with the internal 

state of the body with amazing efficiency. In the papers of Cole 

[2], Inglesstedt [3] and Webb [4], it was generally agreed that 

the inhaled air through the nasal cavity reaches up to the 

alveolar state (completely saturated with water vapour and at 

normal body temperature) by the time it reaches the pharynx. 

And it practically does not depend on a condition of ambient 

air which has arrived through nostrils. These results were also 

obtained in the paper of Farley and Patel [5] who collected 

data in natural conditions with air temperature readings along 

the upper respiratory tract, as well as Hannah and Scherer [6], 

reflecting measurements of local mass transfer coefficients on 

the gypsum model of the upper human respiratory tract. 

Nevertheless, McFadden [7] noted that the conclusions are 

valid for quiet breathing in some circumstances at high 

ventilation levels, conditioning of additional air should occur in 

the intrathoracic airways in order to completely determine the 

inhaled air in the alveolar state. 

Numerous studies have been aimed at assessing the 

hydration and temperature regulation of the nasal cavity. 

However, mathematical models were based on axisymmetric 

tubes or occupied quasistationary flows [1]. As a rule, these 

studies confirmed the opinion that under normal conditions 

there is enough time for heating and humidifying the air in the 

nasal cavity. In addition, medications, as well as surgical 

procedures, are being used with increasing speed to restore the 

structure and functions of the nasal cavity [8]. For example, 

aromatic inhalations are used to improve airflow and to reduce 

congestion, as well as rhinoplasty procedures, are used to 

overcome trauma or aesthetic deformities. These artificial 

interventions cause local changes and can affect the efficiency 

of air transport phenomena. However, precise intranasal 

characteristics and distribution of transport phenomena are not 

yet known even for a normal (or healthy) state [19, 20, 21]. 

Experimental examination of the nasal cavity is practically 

impossible, due to the complex internal structure and 

dimensions, i. e. The introduction of any measuring device or 

probe causes additional disturbance of the flow. Therefore, 

mathematical modelling is one of the only approaches to 

studying the air flow in the nasal cavity. 

II. STATEMENT OF THE PHYSICAL PROBLEM 

 

Air flow through the structure of the nasal cavity is a very 

difficult path. The complex structure of the nasal cavity and 

complete three-dimensional analysis of the steam flow, heat 

transfer in the inner part of the nasal mucosa requires 

significant computational resources that prevent a systematic 

analysis of the relevant factors (Figure 1). 

 

 

 
Figure 1 - Model of the nose with a longitudinal section. 

 

 

 
Figure 2 - Simplified nose model: a) longitudinal 

section, b) coronary section, c) cross sections at height h = 3, 

13, 17, 20, 26, 33, 40 mm from the bottom point of the nasal 

cavity, d) perspective view. 

 

Given the available computational resources, a complex 

study of transport mechanisms was carried out in two-

dimensional form, through the cross sections of the nose. 

In addition, the following assumptions are made for 

numerical modelling: 
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• The walls of the nasal cavity and nasal concha are 

assumed to be immovably hard. 

• The air flow in the nasal cavity is considered as a 

laminar flow, and the air as an incompressible medium (since 

the Reynolds and Mach numbers are very small). 

• The velocities on the cavity walls are taken as zero 

( 0u , 0v ). 

• The nasal cavity walls are considered fully saturated 

with water vapour and the temperature near the body due to 

the moist mucous layer reaches the vascular vessels of the nasal 

wall. 

Thin features of the nose do not have exact dimensions 

because there are differences in the structure of the nasal cavity 

in healthy people, so it is almost impossible to determine the 

exact model of a "normal nose". Thus, a simplified the nose 

model is developed, where the main essential signs of the nasal 

cavity are revealed. The dimensions are taken from the 

averaged data of the human nasal cavity (Figure 2). The 

physical area of the problem is the second cross-section (Figure 

2 (c) "-2-"), which is important for the study, because it is in 

this area that a significant proportion of the air flow takes 

place, and also has a complex structure, through which the 

basic functions of the nasal cavity are performed. 

The mathematical model is constructed on the basis of the 

Navier-Stokes equations, including the continuity equation, the 

momentum equation, and also the energy (temperature) 

transport equation and relative humidity equations are used in 

addition [11, 12, 13]. 
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where vu,  - velocity components, t  - time,
 
p  - pressure, 

v  - kinematic viscosity, T  - temperature, C  - humidity,
 pc  - 

medium specific heat at constant pressure, k  - thermal 

conductivity coefficient,
 

 - density, D  - molecular diffusion 

coefficient. 

The instantaneous velocity at the inlet in each cross section 

is assumed to have a parabolic profile with a maximum velocity 

max)( M

inU  that varies during the breathing cycle. In the work 

of Khirardin et al. [18] measurements were made using laser 

anemometry in the human nose model and it was found that the 

field flow basically has layered parabolic velocity profiles in any 

cross section. At rest, a normal adult breathes a volume about 

LVT 5.0  (inhaling and exhaling) once a minute at an 

average flow rate of about 0.125 L/s to each nostril. 

Accordingly, the instantaneous velocity distribution at the input 
M

inU  in the direction is given in the following form (Figure 3): 
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 The input boundary conditions for the temperature and 

relative humidity of the external air are given in the following 

form: 

 

CyxtTin 25),0,( , 

3

2 /0047.0),0,( mOHkgyxtCin  

 

On the nasal cavity walls and nasal concha: 

 

,0),,( yxtuwall  ,0),,( yxtvwall  

CyxtTwall 37),,( , 
3

2 /0438.0),,( mOHkgyxtCin  
 

The initial conditions are given in this form: 

 

,0)0(0 tu  .32)0(0 CtT , 

./0235.0)0( 3

20 mOHkgtC
 

 

 Figure 3 - Air velocity at the inlet in the cross section. 

 

III. THE NUMERICAL ALGORITHM 

 

For a numerical solution of this system of equations, the 

projection method is used [14, 17, 22-28]. Equations are 

discretized by the finite volume method [9, 10, 14]. At the first 

stage, it is assumed that the momentum transfer is carried out 

only through convection and diffusion, and an intermediate 

velocity field is calculated by the 5-step Runge-Kutta method 

[13, 15]. In the second stage, according to the found 

intermediate velocity field, there is a pressure field. The 

Poisson equation for the pressure field is solved by the Jacobi 

method. In the third stage, it is assumed that the transfer is 
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carried out only due to the pressure gradient. In the fourth 

stage, the temperature transport equation is calculated by the 

5-step Runge-Kutta method. In the fifth stage, the relative 

humidity equation is calculated, and also solved by the 5-step 

Runge-Kutta method [13, 15, 16]. 
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IV. RESULTS OF NUMERICAL SIMULATION 

 

As a numerical modeling result of the human nasal cavity 

aerodynamics, the following data were obtained. Also, to verify 

this numerical algorithm, we used the calculation data from the 

paper [1], which describes the profiles of the velocity 

longitudinal component and temperature in three cross 

sections: at a distance 
1x = 17mm, 2x = 49mm and 

3x = 80mm 

from the entrance (Figure 4). For the numerical simulation, the 

corresponding parameters for air constants were used: 
3/12.1 mkg , mskg /109.1 5

, 

kgKJcp /5.1005 , mKWk /0268.0 , 

smD /106.2 25
. 

Figure 5 shows the comparison of profiles for 1x , 2x
 
and 

3x  

cross sections for longitudinal velocity component of the 

calculation results and data from the paper Naftali et al. [1]. 

Figure 6 shows a comparison of temperature profiles for cross 

sections 
1x , 2x

 
and 3x  with data from the paper [1]. Figure 7 

shows the relative humidity profiles for cross sections 1x , 2x
 

and 3x . In all the figures, numerical results were shown in the 

dimensionless form. 

 

 
Figure 4 - Evaluation in three cross section location for 

temperature, velocity and relative humidity. 

 

 

 

 
Figure 5 - Comparison of the velocity component profile 

for the cross sections 
1x =17 mm, 

1x =49 mm and 
1x =80 mm 

with the calculations results from the paper [1]. 
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Figure 6 - Comparison of temperature profiles for cross 

sections 
1x =17 mm, 1x =49 mm and 1x =80 mm with the 

calculations results from the paper [1]. 

 

From the figures can be seen that nasal cavity air 

is heated downstream, and relative humidity also 

increases when passing through narrow areas. And 

also from figure 6 you can see that behind the nasal 

septum the temperature increases and to the 

nasopharynx the air temperature is heated to the 

alveolar state. And at low ambient temperatures, 

relative humidity plays a very important role. Figure 

8 shows the longitudinal velocity component in the 

cross section for different times ( st 25.0 , st 5.0 , 

st 1 ). Figure 9 shows the transverse velocity 

component in the cross section for different times   

( st 25.0 , st 5.0 , st 1 ). From the figures can be 

seen those vortex currents appearing from the nasal 

conchas, which play an important role in the 

process of air heating. Figure 10 - 11 show the 

temperature components, and the relative humidity 

in the calculated area for different times ( st 25.0 , 

st 5.0 , st 1 ). 

 

 

 

 
Figure 7 - Relative humidity profiles for sections 

1x =17 

mm, 
1x =49 mm and 

1x =80 mm. 

 

 

 

 

 

 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING Volume 11, 2017 

ISSN: 1998-4510 84



 

 

 

 

 
Figure 8 – Longitudinal velocity components in the 

cross section for different time. 

 

 

 
Figure 9 – Transverse velocity components in the 

cross section for different time. 

 

 

 
Figure 10 –Temperature component in the cross 

section for different time. 

 

 

 
Figure 11 – Relative humidity component in the cross 

section for different time. 
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V. CONCLUSION 

 

During the numerical examination of the nasal cavity, the 

following conclusions can be drawn that the nasal cavity walls 

contribute to the air heating and the appearance of vortices, 

which are of no small importance for the air transition to the 

alveolar state, before entering the nasopharynx. And also 

important is the relative humidity in the nasal cavity, since at 

low ambient temperatures, due to moisture, the incoming air is 

heated. Studies of air movement in the nasal cavity are 

important, as at present, for various reasons, the number of 

people with nasal breathing problems is increasing. This 

problem is solved by surgery, where it is important to optimally 

operate the nose structure, so that the nasal cavity correctly 

functions since normal breathing should be done with the nose. 

 

VI. ACKNOWLEDGMENT 

 

This work is supported by the grant from the Ministry 

of education and science of the Republic of Kazakhstan. 

 

REFERENCES 

 

[1]. Naftali S., Schroter R. C., Shiner R. J., Elad D. 

―Transport Phenomena in the Human Nasal Cavity: A 

Computational Model‖ // Annals of  biomedical 

engineering. -  1998. - 831-839 pp. 

[2]. Cole P. ―Some aspects of temperature, moisture and heat 

relationships in the upper respiratory tract‖ // J. Laryngol. 

Otol. 67. – 1953. - 669–681 pp. 

[3]. Ingelstedt S. ―Studies on conditioning of air in the 

respiratory tract‖ // Acta Oto-Laryngol. Suppl. 131. - 

1956. - 1–80 pp. 

[4]. Webb P. ―Air temperatures in respiratory tracts of resting 

subjects‖ // J. Appl. Physiol. 4. - 1951. - 378–382 pp. 

[5]. Farley R. D., and Patel K. R. ―Comparison of air warming 

in human airway with thermodynamic model‖ // Med. 

Biol. Eng. Comput. 26. - 1988. - 628–632 pp. 

[6]. Hanna L. M., and Scherer P. W. ―Measurement of local 

mass transfer coefficients in a cast model of the human 

upper respiratory tract‖ // J. Biomech. Eng. 108. - 1986. - 

12–18 pp. 

[7]. McFadden E. R. ―Respiratory heat and water exchange: 

Physiological and clinical implications‖ // J. Appl. Physiol. 

54. - 1983. - 331–336 pp.  

[8]. Maran A. G. D., and Lund V. J. ―Clinical Rhinology‖ // 

New York: Thieme Medical. - 1990. 

[9]. Pletcher R. H., Tannehill J. C., Anderson D. 

―Computational Fluid Mechanics and Heat Transfer, 

Third Edition (Series in Computational and Physical 

Processes in Mechanics and Thermal Sciences)‖. — CRC 

Press. 2011. — 774 p. 

[10]. Ferziger J.H.,Peric M., ‖Computational Methods for 

Fluid Dynamics‖, third edition, Springer, 2013. — 426 p. 

[11]. Fletcher C. A.J., Fletcher C. A. ―Computational 

Techniques for Fluid Dynamics, Vol. 1: Fundamental and 

General Techniques‖. — Springer. 2013. — 401 p. 

[12]. Roache P.J. ―Computational Fluid Dynamics‖. —

Hermosa Publications, Albuquerque, NM, 1972. — 434 

p. 

[13]. Chung T.J. ―Computational fluid dynamics‖. 2002. 

p.1034. 

[14] Issakhov A., ―Mathematical modeling of the discharged 

heat water effect on the aquatic environment from 

thermal power plant‖ // International Journal of Nonlinear 

Science and Numerical Simulation, – 2015, 16(5), pp. 

229–238, doi:10.1515/ijnsns-2015-0047. 

[15] Issakhov A., ―Mathematical modeling of the discharged 

heat water effect on the aquatic environment from 

thermal power plant under various operational capacities‖ 

// Applied Mathematical Modelling, –2016, Volume 40, 

Issue 2, pp. 1082–1096 

http://dx.doi.org/10.1016/j.apm.2015.06.024. 

[16] Issakhov A. ―Large eddy simulation of turbulent mixing 

by using 3D decomposition method‖ // J. Phys.: Conf. 

Ser. – 2011 318(4), pp. 1282-1288, doi:10.1088/1742-

6596/318/4/042051. 

[17] Chorin A.J. ―Numerical solution of the Navier-Stokes 

equations‖ // Math. Comp. –1968, 22, pp. 745-762. 

[18]. Girardin, M., E. Bilgen, and P. Arbour. ―Experimental 

study of velocity fields in a human nasal fossa by laser 

anemometry‖. Ann. Otol. Rhinol. Laryngol. 92:231–236, 

1983. 

[19]. Inthavong, K.; Tu, J.Y.; Heschl, C. ―Micron particle 

deposition in the nasal cavity using the v(2)-f model‖. 

Computers & Fluids. – 2011. 51(1), pp. 184-188, DOI: 

10.1016/j.compfluid.2011.08.013. 

[20]. Wen, J.; Inthavong, K.; Tu, J.; Wang, S.M. ―Numerical 

simulations for detailed airflow dynamics in a human nasal 

cavity‖. Respiratory Physiology & Neurobiology. 2008, 

161 (2), pp. 125-135, DOI: 10.1016/j.resp.2008.01.012. 

[21]. Zubair, M.; Ahmad, K.A.; Abdullah, M.Z.; Sufian, S.F. 

―Characteristic Airflow Patterns During Inspiration and 

Expiration: Experimental and Numerical Investigation‖. 

Journal of medical and biological engineering. 35(3), 

387–394 (2015), DOI: 10.1007/s40846-015-0037-4. 

[22]. Issakhov, A.; ―Mathematical Modelling of the Influence 

of Thermal Power Plant on the Aquatic Environment with 

Different Meteorological Condition by Using Parallel 

Technologies‖. Power, Control and Optimization. 

Lecture Notes in Electrical Engineering. 239, 165–179 

(2013). 

[23]. Issakhov, A.; ―Mathematical modelling of the influence of 

thermal power plant to the aquatic environment by using 

parallel technologies‖. AIP Conf. Proc. 1499, 15–18, 

(2012), doi: http://dx.doi.org /10.1063/ 1.4768963 

[24]. Issakhov, A.; ―Mathematical Modelling of the Thermal 

Process in the Aquatic Environment with Considering the 

Hydrometeorological Condition at the Reservoir-Cooler 

by Using Parallel Technologies‖. Sustaining Power 

Resources through Energy Optimization and Engineering. 

Chapter 10, 227–243 (2016), DOI: 10.4018/978-1-4666-

9755-3.ch010. 

[25]. Issakhov, A.; "Modeling of synthetic turbulence 

generation in boundary layer by using zonal RANS/LES 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING Volume 11, 2017 

ISSN: 1998-4510 86



 

 

method," International Journal of Nonlinear Science and 

Numerical Simulation, 15(2), 115-120, (2014). 

doi:10.1515/ijnsns-2012-0029. 

[26]. Issakhov, A.; "Numerical modelling of the thermal effects 

on the aquatic environment from the thermal power plant 

by using two water discharge pipes," AIP Conf. Proc. 

1863, 560050. (2017). doi:10.1063/1.4992733. 

[27]. Issakhov, A.; "Numerical study of the discharged heat 

water effect on the aquatic environment from thermal 

power plant by using two water discharged pipes," 

International Journal of Nonlinear Sciences and 

Numerical Simulation. 18(6): 469-483, (2017). 

https://doi.org/10.1515/ijnsns-2016-0011. 

[28]. Issakhov, A.; "Numerical modelling of distribution the 

discharged heat water from thermal power plant on the 

aquatic environment," AIP Conference Proceedings 1738, 

480025, (2016). doi:10.1063/1.4952261 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING Volume 11, 2017 

ISSN: 1998-4510 87




