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ABSTRACT 

Flow simulation along human lung channel is one of the interests of investigation in fluid dynamics. We have studied 
flow phenomena of 11th generation of human lung as porous medium. The governing equations of porous medium have 
been solved numerically using finite difference scheme. The effect of different flow parameters are illustrated graphically. 
It is observed that the flow rate increases for increasing the value of pressure gradient, the porosity effect, effective 
viscosity and the dimensionless parameter . The numerical experiment for non-porous medium is also studied. It is 
found that the flow rate increases in porous medium compared with non-porous medium. 
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1. Introduction 
 
Numerical experiment is very interesting to know the flow behavior in human lung channel where in vivo knowledge it 

is very difficult. Flow phenomena in human lung is practically important because it has effects on respiratory gas 

exchange, particle assertion and oxygen diffusion [1]. The bifurcating airways are networking system for each generations 

whose length and diameter are very small. The respiratory tract does not take part in gas exchange without leading the air 

to the respiratory zone [2]. In 17th generation of lung model gas diffuses from higher concentration to lower concentration 

through thin membranes which is known as alveoli [3]. The effective viscosity of some very known fluids such as air, 

water, oils, oxygen and nitrogen  has been investigated  through porous medium [4]. Viscosity of the fluid is increased or 

decreased according to the base fluid viscosity. 
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Here it is observed that the effective viscosity is increased in porous medium for Newtonian fluid. In aerodynamics the 

flow simulation along porous medium is very important because of the fluid nature. Some practical examples of flow 

through porous medium are as seepage of ground water, the flow of fluids in porous duct , flow phenomena in human 

lung and the blood flow through vein. Researchers have find interest to investigate the flow behavior of the fluid through 

porous medium in different symmetry. The flow behavior of Non-Newtonian fluids in a duct of porous medium has been 

investigated [5]. Here the flow rate decreases for the effect of couple stress parameter and porosity parameter and the 

flow rate increases for the effect of Jeffrey parameter and pressure gradient. The interconnection of bio fluid flow and 

pulsate magneto fluid flow through porous medium is studied theoretically [6]. The example deals with a viscous 

incompressible fluid and transverse magnetic field with infinite parallel walls through porous medium. The effect of heat 

exchange and force field of  fluid in pipe with porous space has been studied [7]. Here series solutions for non linear 

partial differential equations are first developed and then convergent to the obtained series solutions which has been 

discussed explicitly. The analytical solution of magneto fluid flow through porous medium between permeable surfaces 

is derived [8]. On that paper the velocity and volume flow rate are graphically presented for different parametric effects 

illustrating their phenomenal nature. The axial flow behavior is presented in a square duct with the effect of heat transfer 

using finite element method [9]. On that work the axisymmetric flow along the square duct has been represented with the 

effect of heat transfer in three dimensional plot. The flow phenomena for Newtonian fluid in a duct model has been shown 

with temperature effect and velocity distributions [10]. Here the laminar flow is developed to be parabolic with the effect 

of heat transfer that is indistinguish with thin plate theory. The laminar flow is graphically represented with the effect of 

heat transfer along a square duct for Herschel Bulkley fluid [11]. On that work the non linear differential equations have 

been solved  by finite difference method to get the velocity distribution. The flow behavior for Newtonian fluid along a 

duct channel has been studied with the effect of mass transfer [12]. Here the solution is obtained with  different parametric 

effect such as driving force, blowing parameter and normalized conductance. The stability condition is analyzed for 

natural convection flow in an inclined duct channel for three dimensional plot [13].On that work it is recognized that the 

two dimensional flow field is not suitable for natural convection flow in the duct that is placed in parallel. The convection 

heat exchange of water close to vital region in a duct model has been  studied [14]. Here the exchange of thermal energy 

is much more on the undersurface compared to other two surfaces for the effect of pressure. The flow behavior for inertia 

effect is investigated through a duct of square cross section [15].Here the effect of Coriolis force and the antithetical 

effects of stress difference of first and second order is studied. In a duct of square cross section the flow pattern for liquid 

crystal flow  with the effect of magnetic diapole has been studied [16]. On that paper they have presented the flow 

phenomena for developing flow with periodic boundary conditions through square duct. The effect of strong transverse 

magnetic field for steady flow of liquid metal through a duct channel has been investigated [17]. Here the result is 

performed for different values of Hartmann number and Prandtl number and the velocity profile is shown for the MHD 

effect. The experimental result has been shown for pseudo plastic fluid passing through a duct of square cross section 

[18]. Here the flow rates are shown for fluctuating pressure on walls and the velocity profile is compared with bench mark 

experiments for laminar and turbulent flow. The  fluid flow of dense swarm of particles  with viscous force effect has 

been shown [19]. Here the flow behavior is described by Darcy’s equation through porous medium. The flow of the fluid 

with effects of heat and mass transfer having compliant walls has been investigated through darcy-Brinkman-Forchheimer 

porous medium [20]. On that paper the non-linear differential equations have been solved using Homotopy perturbation 
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technique to get exact wavelength of peristaltic wave and small Reynolds number. The magnetohydrodynamics (MHD) 

effect on blood flow of Jeffery fluid model through porous medium has been investigated [21]. Here the partial differential 

equations with long wavelength have been solved for Jeffrey fluid model. Flow behavior in Bronchial tree of human lung 

with Lumped-Model parameter has been studied [22]. Here the parallel lumped model is solved analytically to explain 

the dynamic behavior of the fluid. The velocity profile is shown by taking porosity parameter as zero, which represents 

the velocity profile for clear medium [5]. 

With the above discussions, we have studied the flow behavior in 11th generation of human lung channel through porous 

medium. The channel is considered as porous medium with homogeneous pore. The numerical solutions of the governing 

partial differential equations have been obtained using finite difference method. Flow rates are presented graphically for 

different fluid parameters. Finally a comparison for pressure gradient between porous and non-porous medium is 

illustrated. 

 
2. Respiratory Branches and Function of Lungs 

The lung is an important organ that takes part in gas exchange process. In pulmonary hyperinflation process, the muscles 

of thoracic cage extend the lung tissues to increase the volume and then air is breathed into it. In artificial ventilation 

process air is sucked into the human lung by increased outside pressure. Human lung consists of a structure like branching 

tree to distribute the breathing air in different parts of consecutive generations of channels. The area of each cross section 

of ducts is increased in next generation and for that the air flow is dropped off to reach the lowest velocity in last 

generations. In last generations (G22-G23) of ducts there are the alveoli which are separated by thin membrane consists 

of blood. The alveoli are convex polyhedron like air bubbles bounded by tissue layer where diffusion occurs. When the 

thoracic wall is relax, the internal pressure extended the lung tissues to remove air by expanding the chest wall. In human 

lung there are around 300 million alveoli. The diameter of the alveoli is nearly 0.3 mm. The alveoli fill up almost 90% of 

the lung volume containing small air ducts whose diameter is 0.3 to 1 mm. In the structure of lung model the most farthest 

alveolus from respiratory bronchioles contains around 2.5 to 3 litres of air where an adult lung can take around 5 litres of 

air. Actually the gas exchange takes place in the alveolated region to maintain molecular diffusion. According to 

respirational function and its anatomical configuration, the lung consists of two regions called air transport and gas 

diffusion. The airways from tracheal to terminal bronchioles are fractionalized repeatedly and gas is delivered without 

any gas exchange. 

Table 2. 1: Approximate quantification of the human bronchial system (Weibel’s model) 

 Generation(G) Number 

(n) 

     Mean 

diameter[mm] 

Length 

[mm] 

Volume 

[ml] 

Re 

Trachea 0 1 18.00 120.00 30.54 1480 

Main 
Bronchus 

1 2 12.20 47.60 11.13 1092 

Lobar 
Bronchus 

2 4 8.30 19.00 4.11 803 

3 8 5.60 7.60 1.50 595 

Segmental 
Bronchus 

4 16 4.50 12.70 3.23 370 

Bronchi w/ 5 32 3.50 10.70 3.29 238 
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Cartilage in 
Wall 

6 64 2.80 9.00 3.55 149 

7 128 2.30 7.60 4.04 91 

8 256 1.96 6.40 4.94 53 

9 512 1.54 5.40 5.15 34 

10 1024 1.30 4.60 6.25 20 

Terminal 
Bronchus 

11 2048 1.09 3.90 7.45 12 

Bronchiole 
w/ muscle 
in wall 

12 4096 0.96 3.30 9.78 6.78 

13 8192 0.82 2.70 11.68 3.97 

14 16384 0.74 2.30 16.21 2.20 

15 32768 0.66 2.00 22.42 1.23 

Terminal 
Bronchiole 

16 65536 0.60 1.65 30.57 0.68 

Respiratory 
Bronchiole 

17 131072 0.54 1.41 42.33 0.38 

18 262144 0.50 1.17 60.22 0.20 

19 524288 0.47 0.99 90.05 0.11 

Alveolar 
Duct 

20 1048576 0.45 0.83 138.42 0.056 

21 2097152 0.43 0.70 213.18 0.030 

22 4194304 0.41 0.59 326.72 0.015 

Alveolar 
Sac 

23 8388608 0.41 0.50 553.75 0.008 

Alveoli. 21 
Per duct 

 3E+0 0.E+2 0.E+3   

 

According to the measurement of  lung tree and its anatomy, the human airway of  lung is shown in Fig. 2.1. It is drawn 

by performing the calculation of  Weibel’s real data analysis for adult  lung. 

 

 

 

 

 

 

 

 

 

  

 

 
 
 

Fig. 2.1. Idealization of the human airways (according to Weibel, 1963). 
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3. Formulation and Model Equations of the Problem 
We consider the 11thgeneration of human lung channel as a rectangular porous duct with uniform cross section. The steady 

flow is maintained along this channel. Cartesian coordinate system is taken for the flow measurements. The axis  of duct 

channel is -axis and -axes are considered as width and height of the duct respectively. Let be the width, 

 be the height and be the length of the rectangular duct. The flow occurs in positive -direction. So the flow 

rate along -direction  with constant pressure can be considered  as 

 

 
Fig. 3.1. Geometry of the problem 

 

The equations governing the steady flow along human lung channel of porous medium with porosity effect are the 

following continuity and  linear momentum equation as Brinkman [19]. 

 (3.1) 

 (3.2) 

Where  is the flow rate,  is porosity of the fluid, is pressure gradient, is the viscosity of the fluid saturating to 

the porous medium and  is the Darcy resistance as 

 

Where  is base fluid viscosity and   is the permeability parameter. 

The flow rate satisfies equations (3.1) and (3.2) and then we have 
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Where  

The no-slip boundary conditions for the flow are 

for    

for  

Introducing non-dimensional variables 

. 

After simplification and dropping bars, equation (3.4) can be written as 

 
 

(3.5) 

In which and  

The non-dimensional boundary conditions are satisfied as  

 for  (3.6) 

for  (3.7) 

4. Numerical Scheme of the Problem 
 

4.1. Porous medium 

The momentum equation governing the flow (3.5) is solved numerically along with the boundary conditions (3.6) and 
(3.7) using central difference scheme of finite difference method. The central difference schemes are as follows:  

 
(4.1) 

 

(4.2) 

Using (4.1) and (4.2) in (3.5) and taking , we obtain 
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The difference equation (4.3) gives the algebraic system of equation in terms of . 
 
4.2.  Non-porous medium                                                                                                                                                   

For non-porous medium, the third term of equation (3.2) vanishes due to  . After taking dimensionless and 

simplification it takes the form as 

 
(4.4) 

 

Using central difference scheme of finite difference method, equation (4.4) becomes 

 
(4.5) 

 

In which    and  

 
5. Result and Discussions 
5.1. Porous medium 

The flow rate for different flow parameters are presented graphically in this section. Fig. 5.1 represents the flow rate for 

different values of pressure gradient. The physical variables are kept limited to the lung model channel and flow is 

measured for the values of  and . 

 

 
Fig. 5.1. Variations of flow rate for different values of pressure gradient  where and 
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flow through the pore of lung channel. If the pore quality is good and sufficiently large more amount of fluid will be 

passed through the porous medium. It can be seen from Fig. 5.2 that when the porosity is increased the flow rate is also 

increased in the channel. As a result the flow of oxygen will be increased. So it can be said that the flow rate is an 

increasing function of porosity parameter. 

 

 

Fig. 5.2. Variations of flow rate for different values of porosity  where and  
 

 
 
 
 
 

 
Fig. 5.3. Variations of flow rate for different values of where  and  

 

Fig. 5.3 represents the flow rate for different values of where the dimensionless parameter  is related with 

permeability parameter. Permeability parameter represents the flow ability of the fluid per unit area through porous 

medium. If permeability increases in human lung channel, a little bit more amount of oxygen can flow through porous 

medium because of permeability property. The decreasing of dimensionless parameter , indicates that the permeability 

constant is higher. So, the flow rate is increasing due to the lower value of or higher value of permeability constant  

. So it can be said that the flow rate is a decreasing function of dimensionless parameter . 
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                                         (a)                                          (b) 

 
                                                                                          (c) 

Fig. 5.4.  Contour plot of flow rate for the values of (a)  (b)  (c) where
 and  

 

The flow rate for different values of effective viscosity is shown in Fig. 5.4. It is observed that flow rate is higher for 

higher value of effective viscosity. On the contrary, flow rate becomes higher for the lower value of viscosity of porous 

medium. Different values of effective viscosity (0.4, 0.5, and 0.6) are taken and the contour in Fig. 5.4 shows the flow 

phenomena. When the effective viscosity is gradually increased, the flow rate is  also gradually increased. It is noticed 

that the flow rate is increased in Fig. 5.4(b) by 0.3 compared with Fig. 5.4(a) by 0.25 and it is increased in Fig. 5.4(c) by 

0.35 compared with Fig. 5.4(b). So it can be said that the flow rate is an increasing function of effective viscosity. 

 
5.2. Non-porous medium 

The governing partial differential equations have been solved numerically for non-porous medium also. Fig. 5.5 shows 

the flow rate for different values of pressure gradient in porous and non-porous medium.  
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                             (a) Porous medium                                 (b) Non porous medium 

 
Fig. 5.5. Variations of flow rate for different values of  where in (a) for porous medium 

       and  (b) for non-porous medium . 
 
The same values of pressure gradient in both medium (porous and non-porous) are taken. The highest flow rate is found 

at  for both medium. It is depicted that the flow rate is increased in porous medium compared with non-porous 

medium. The flow rate of porous medium is almost two times larger than that of non-porous medium. It is observed that 

no flow takes place for both medium when the pressure gradient is zero. 

 
Conclusion 
 
The flow behavior in 11th generation of human lung channel through porous and non-porous medium has been studied. 

Duct model of lung channel and Cartesian measurement are considered. The numerical experiment is performed using 

finite difference central scheme with second order accuracy. The flow characteristics are presented graphically in two 

dimensional plots. We have found that the flow rate is increased due to the increasing values of pressure gradient , 

porosity (the ratio of pore volume to the total volume) , effective viscosity  and dimensionless parameter

which is related with permeability parameter. The flow behavior for non-porous medium is investigated and compared 

with porous medium in case of pressure gradient. It is noticed that the flow rate is increased in porous medium than that 

of non-porous medium. The flow rate is almost double in porous medium compared to non-porous one. 
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Nomenclature 
Symbol Meaning 

 Flow rate,  
 Pressure,  
 -co-ordinate 
 -co-ordinate 
 -co-ordinate 
 Darcy resistance (a measure of the resistance to airflow of a duct), . 
 Change in a quantity 
 Base fluid viscosity,  

 Viscosity of the fluid saturating the porous medium,  
 Porosity (represents the ratio of pore volume to the total volume) 

 Permeability (indicates the ability of fluids to flow through porous medium), . 
 Width and height of duct channel,  

 Length of duct channel,   
 Density of fluid,  
 Effective viscosity,  
 Dimensionless parameter,  

 Dimensionless parameter,  
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