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ABSTRACT

Airflow inside human airway is difficult to study experimentally. Therefore,
Computational Fluid Dynamics has been used to study Chronic Obstruction Pulmonary
Disease (COPD) inside human airways. First and second generation of human airway
(trachea and both left and right bronchi) with two COPD at location T2 and L2 of the
airway has been constructed and simulated by numerical method. Obstruction at each
location of COPD has been varied for four sizes; 20 percent, 40 percent, 60 percent and
80 percent of the airways diameters. Laminar flow with Re = 1710 and turbulent flow
with Re = 5000 with velocity inlet boundary condition were used. Pressure
redistribution, velocity redistribution and fluid shear stress analysis has been observed.
Both constrictions gave significant effect to the airflow inside the human airway. The
correlation of these parameters plotted. For Case 1, the G2.2 region experienced velocity
increase as the Tumour at L2 grows. For up to 60 percent growth of airway diameter, the
velocity correlation shows a slow velocity increment. However, tumor growth above this
value results in high velocity increase. Pressure distribution at the G1 to G2.2 bifurcation
was observed to increase due to momentum effect of the Tumour at inlet location L2.
Fluid shear stress correlation at tip of Tumour was observed to increase nonlinearly.
Case 2 shows the significant pressure drop after the Stenosis at location T3. Stenosis
with 80 percent diameter shows the highest pressure drop downstream. Fluid shear stress
increased drastically in 80 percent of Stenosis diameter in parallel to the velocity
increase and area decrease. In comparison of both COPD, Case 1 (Tumour) produce less
peak pressure effect of 101329.5 Pa compare to 102000 Pa for Case 2 (Stenosis). Fluid
shear stress and velocity effect was also higher in Case 2 compared to Case 1.1t is

observed Case 1 produces more serious COPD effect compared Case 2.



ABSTRAK

Pengaliran udara melalui laluan pernafasan manusia generasi pertama (G1)
sehingga generasi kedua (G2.1 dan G2.2) telah berjaya dipelajari. Pergaliran udara
dalam Pulmonari Berpenyakit Tersumbat Kronik (PBTS) pada lokasi T2 dan L2 telah
dibina dan dikira mengunakan pengiraan kaedah numerikal. Kadar halangan pada setiap
lokasi (PBTS) di kategori kepada empat saiz yang berbeza ; 20 peratus, 40 peratus, 60
peratus dan 80 peratus daripada diameter laluan udara. Pergerakan aliran tenang dengan
Re = 1710 dan aliran gelora Re=5000 diambilkira. Halangan pada laluan udara didapati
memberikan kesan yang penting kepada sifat pengaliran udara. Perubahan aliran
tekanan, kelajuan udara dan kadar tegasan ricih bendalir dikesan dan dikaji. Untuk Kes
1, kelajuan udara di bahagian laluan G2.2 didapati meningkat apabila tumor di L2
membesar. Kadar tekanan didapati lebih tinggi laluan masukan ke G2 sebelum berlaku
PBTS di L2. Pada kadar tumor bawah 60 percent, peningkatan kelajuan perlahan tetapi
meningkat dengan laju apabila di atas nilai tersebut. Kadar tegasan ricih bendalir di
puncak tumor didapati meningkat secara tak sekata. Kes 2 menunjukkan kesan
penurunan tekanan yang ketara selepas halangan di T2. Stenosis dengan diameter 80
peratus menunjukkan penurunan tekanan yang ketara pada bahagian Downstream. Kadar
berdalir tegasan ricih juga meningkat mendadak pada halangan Stenosis bernilai 80
peratus berkadaran dengan peningkatan kelajuan dan pengurangan keluasan. Sebagai
perbandingan kepada kedua-dua PBTS, Kes 1 (Tumor) menghasilkan tekanan puncak
yang kurang iaitu 101329.5 Pa berbanding 102000 Pa untuk Kes 2 (Stenosis). Bendalir
tegasan ricih dan kelajuan bendalir dalam Kes 2 didapati lebih tinggi berbanding Kes 1.

Kes 1 menghasilkan kesan yang lebih serius berbanding Kes 1.
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CHAPTER 1

INTRODUCTION

1.1  Background

Human airways flow studies have been carried out by many researchers
previously either by experimental or numerical method (Table 1.1 and Table 1.2).
Instead of only experimental work, simulations using numerical methods have been one
of the famous alternative study methods. However, solving the numerical equation
require a powerful computing hardware to solve the discritised mathematical equations.
Regarding the development of the computer software and hardware capability,
numerical method with make use of computer for fluid flow, which is also known as
Computational Fluid Dynamic (CFD), has become well known tools in the engineering
analysis. The CFD code capabilities that are available in the market nowadays are
proven for providing almost sufficient and good results to solve various engineering
analysis either on heat, flow and structure studies. The CFD method also provides an
alternative method in engineering areas that are very difficult to study experimentally.

Geometry of human airways as Calay et al. (2002) describe that the airways
network has quite small dimension and the smaller airways deep down into the lungs are

inaccessible. Because of this geometry, it is difficult to simulate the highly asymmetric



branching structure together with curvatures of the bifurcation in physical models. Later,
simulation by using numerical method was determined as one alternative for this kind of

flow studies.

In order to study the human airway flow, human anatomy and the respiration
process must be clearly understood. Respiration process occurs in human pulmonary
organ for delivering the oxygen and discharge the carbon dioxide. The human airways
consist of upper respiratory tract, which include the nose, mouth, pharynx, larynx and
trachea. Afterwards, it divides into another two branches that are called ring and left

bronchi of the lung up until the alveolar. Figure 1.1 shows the picture of human anatomy

structures.
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Figure 1.1:  Human airway anatomy structures [20].



Human airflow intake varies with time depending on the metabolism activities.
According to the literatures, normal human breathing airflow is laminar along the
trachea, but becomes turbulent in the case of heavy breathing due to the increase of

oxygen supply into the body during heavy exercise.

Airflow studies are important in biomedical field especially to have better
understanding about several flow parameters inside the human respiratory system. The
airflow studies encouraged the researchers to collect and analyse detailed variables and
parameters behaviour of the flows, and later to come out with suggestions and solutions
for treating and curing the airway diseases of Chronic Obstruct Pulmonary Disease
(COPD), such as Stenosis and Tumour which are harder to do by experimental analysis.
The studies, in the end will bring an improvement in the airways stenting technology.
Along with the airflow studies, artificial human airway model developers could get
precise data and information of the human airway’s physical parameters in order to
design the artificial airway for treating various types of the COPD patients.

Figure 1.2 shows the first generation,G1 (trachea) and second generation,G2 (left

and right bronchi) of the normal human airways.

Figure 1.2:  First and second generations of human airway Calay C. K. et al. (2002)



1.2 Computational Fluid Dynamics (CFD)

Within the last decade, computational fluid dynamics (CFD) has become a
popular choice among the researchers. CFD methods were used by the researchers to
study the fluid dynamics and aerosol particle behaviour inside the airways. Additionally,
CFD is also widely used to study the blood flow in human blood vessel. The capability

of the methods is proven to give good approximation results.

CFD became a useful choice in the study of airways because of its capability to
investigate the complex model that is difficult to do by an experimental study. Literature
shows that the human airways consist of 25 generations and the diameter of each
generation will reduce to less than 1 mm in the last generation, alveolar. Therefore, due
to these complexities, CFD could give a better alternative for the studies. The
researchers also could reduce research costs; with the benefits of code flexibility, the
researcher can easily change the parameters of the studies accordingly to meet their

study purposes.

Nowadays, the invention and innovation of the technology have brought
computer hardware capability faster and cheaper which encouraged the researchers in
utilising the benefits of using the CFD method. In addition, the increasing of CFD
software’s development gives researchers the choice of selecting suitable commercial

CFD codes to obtain the approximation of preliminary analysis result.

In this study, commercial CFD software will be used to perform various type of
analysis on selected airways, and later the parameters and variables obtained in the study

area are discussed to achieve the objectives of the study according to the scope of study.



1.3 Human Fluid Mechanics Studies

According to Luo X. Y. et al.(2004), the Reynolds number (Re) in the first
generation of human airway (trachea) varies from 800 in normal breathing until about
9300 in heavy breathing depending on the diameter of airways. Therefore, flow in the
trachea could either be experiencing laminar and turbulent flow. Usually the first two
generation of trachea-bronchial airways are in turbulent state, later the flow decelerates

in the subsequent branches due to the branching effect.

Table 1.1 shows the summary of the studies by previous researchers on the

human airway flow studies.

Table 1.1: Overview of human airways fluid mechanic studies

Year By Comments

1995 | Edward, et al. Study of simple bifurcation by CFD simulation of

structures in trachea-bronchial tree.

2002 | Calay, R.K.etal. | Numerical simulation of the unsteady flow pattern within
human lung of three dimensional asymmetric bifurcation
model of central airway base on morphological data of
Horsfield. The study included the time dependent flow

and up to third human airway generation.

2002 | Nowak, N. et al. CFD simulation of airflow and aerosol deposition in
human lung base on Weibel model and CT scan of a

cadaver lung cast. Gambit and Fluent 5 were used.

2002 | LiuY.etal. The study covered modelling of flow in fifth and sixth
generation of human airway. The model was
symmetrical.

2003 | Liu, Y.etal. Modelled the human airway flow in asymmetric human




lung airway for 5™ and 11™ branches of Weibel Model
Re number ranging 200 to 1600.

2004

Hegedus, Cs. J. et.

al

Study was about exact mathematical description of the
geometry of human airways by elaborating numerical
methods. Single and multiple airways geometries and
computational grid were generated.

2004

Juan, R. C.

Study of tracheal and central bronchial aerodynamics
using bronchoscopy and CFD using anatomical realistic

model. Pressure and flow pattern were computed.

2006

Taylor, A. B. et al.

Study the three dimensional simulation of reactive gas

uptake in single airway bifurcation

2006

Jin, H. H. et al.

Used LES for inhaled particle deposition within the
human upper respiratory tract considering breathing
intensity of Q=30,60,90 L/min.

2005

Yang, X. L. etal.

Study of inflammation of COPD lead to narrowing and
obstructing airway using 3D incompressible laminar
Navier-Stokes equation. 5™ until 7" generations were

considered.

n.a

Koombua, K. et al.

Study on inhalation induced stresses and flow
characteristics in human airways through fluid-structure

interaction analysis

2007

Wall W. et al.

Fluid structure interaction study in lower airways using

Ct-base lung geometries.




Table 1.2: Summary of the human airways flow studies
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1.4 Objectives

The objectives of the thesis are to get the correlations of the human airway flow
parameters with the present of COPD diseases. The influenced parameters such as
pressure redistribution, airflow velocity and fluid shear stress and fluid structure
behaviours in human airways during inhalation for both normal and Chronic Obstructive
Pulmonary Diseases (COPD) airways geometry are being studied. Computational Fluid

Dynamic software used to study the effect of various stages of (COPD) along the first

generation (G1) and second generation (G2) of human airway.

1.5  Scopes of the project

The scopes of the projects are:

a. The focus anatomy is 1% to 2" generation of human airways known as

trachea-bronchial bifurcation.

b. Flow studies with COPD will be investigated.

c. Three-dimensional flow analysis using commercial software (COSMOS
FLOWORKS 2007).

d. Fluid flow behaviours and structure will be investigated.

e. Incompressible fluid for both laminar and turbulent flow will be considered



1.6 Project flow chart

The flow chart describes the sequences of the project process from airway

geometry modelling until the results data evaluation.
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