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Applications of Computational in 
Biomedical Related Area

Glucose/Blood Gas Sensor
Drug Delivery

Cell Division

 
 

• Numerical Study of TCPC Connection
• 1-D Numerical Modeling of Blood

Flow in Pulmonary Arteries
• 2-D Numerical Modeling of Oscillating

Flow within a Compliant Vessel

Example of Study Cases
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Congenital Heart Disease

• The congenital heart disease is the most common major
birth defect in live birth.

• CHD occurs in approximately 8 of 1000 live birth

 
 

Fontan Operation

Total Cavopulmonary Connection
(TCPC)

This connection bypasses both the 
right atrium and the right ventricle
from the circulation. The atrial
partition is used to divert the IVC
blood to the SVC.

SVC
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PA
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Numerical Results @ SVC:IVC = 50%:50%
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Pressure Drop Across the Connection

Pressure drop across the connection 25/75
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1-D Modeling of flow in pulmonary arteries

(http://www.acsr.ac.th/webmasters/web_3/story3.html,
March 28, 2004)

(Wiener et al., 1966)

 
 

1-D Governing Equations

Conservation of Mass
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1-D Governing Equations

Vessel deformation

pSS ��� 0

� � compliant coefficient

The velocity, pressure, and cross sectional area are solved 
numerically using the Mac Cormack method

 
 

MPA

RPA
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Boundary Conditions
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Pressure and Blood Flow Rate
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2-D Modeling

1. Look into the flow characteristics in more
detail

2. Study the relationship between pressure,
flow, deformation, and wall shear stress

3. Study the relationship between pressure
and velocity wave

 
 

Fluid Governing Equations
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Compliant Tube Modeling and Assumption

1. Tube has thin wall and uniform thickness and
initially straight

2. No stress in the lateral axis

Hooke’s Law � �� �xxrrE
e �������� ���

1

Assumption

o

o

r
rxre �

�
)(

��

����
o

rr r
h

�

� �� ������� ��� rrxxxx E
e 1

 
 

Coupling between Fluid Dynamics and 
Wall Motion

Solution u, v, p,
vessel

deformation

Solve Fluid
parameters,

u, v, p

Calculate the
vessel

deformation

Initial and
Boundary
Conditions

Update the
Numerical grid
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Wall 3

Outlet

Wall 1

Inlet

Wall 2

Numerical ModelingNumerical Modeling

Centerline

Interface 

- No Stress
- Free Displacement- No Displacement - No Displacement

- Free Displacement
- Implicit Pressurep = Pcos t� p = 0

Fluid :  Water

= 1000 kg/m3

= 1 x 10-3 kg/m.s

Incompressible

Newtonian Fluid
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E = 50 N/m2

Re = 854
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Pressure and Velocity Comparison
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Velocity Propagation

Time (s)

V
el

oc
ity

(c
m

/s
)

0 50 100 150
-6

-4

-2

0

2

4

6

8

10

12

14

u at x = 0 cm
u at x = 10 cm
u at x = 20 cm
u rigid

Womersley = 3.34
 

 

 

 

 

 

	

���
����������
���������
	

��
�����������!"�#$��%���$&  98 

 



 
������� 

  

 

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Axial distance (m)

A
xi

al
ve

lo
ci

ty
(m

/s
)

0 0.05 0.1 0.15 0.2
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Centerline Velocity Pattern

 
 

Pressure and Velocity Comparison
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Velocity Propagation
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Past, Present, and Future

Past: Fundamental understanding of flow in the
simple models has been studied

Present: Modeling of fluid-solid structured is 
currently available and compliant
affect is being investigated

Future: The knowledge in this field will be 
implemented clinically and provide us a
better health and treatment
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Biomedical Engineering Activities at Faculty of Engineering, Chiang Mai 

University, Thailand 

Lectured at 

Department of Biomedical Engineering, Columbia University, New York, USA 
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Biomedical Engineering Activities 

 in Faculty of Engineering, 

Chiang Mai University, Thailand 

 

By 

 

Dr. Nat VORAYOS 

Dr. Yottana KHUNATORN 

 

 

Abstract 

 

Established in 1964 as one of the very first universities outside the capital Bangkok, Chiang 

Mai University (CMU) has been Thailand’s oldest, largest, and most renowned institute of higher 

education.  A house of 17 Faculties including Faculty of Engineering and 3 Research Institutes 

(Sciences and Technology, Health Sciences, and Social Sciences) has offered 87 undergraduate-level 

programs and 140 graduate and doctorate programs to the nation.  Recently, there are significant 

interest from staff and researcher in Faculties of Engineering, Sciences, and Medicines to establish the 

biomedical engineering research group to more effectively collaborate with one another in terms of 

research activities and academic programs.  Additionally, we would like to extend our collaboration to 

our colleagues in the international level as well.   

The profiles of CMU will be introduced as the first part of the seminar.  Secondly, the numerical 

modeling of the pulsatile flow within a compliant vessel will be presented. One dimensional modeling of 

blood flow from the right ventricle to the arteries at both lung was developed. The behavior of cross 

sectional area changing, blood velocity distribution, blood pressure distribution and changing in blood 

flow rate, and other parameters that affect the changing in cross section area were studied. Next, the 

two dimensional modeling of the oscillatory flow within a straight compliant tube are being researched 

to observe the flow characteristic and affect of the compliant in detail. The fluid governing equations 

are coupled with the solid wall motion. The preliminary results of the velocity field according to the 

variation of the oscillatory pressure are demonstrated. Thirdly, the presentation of the activities in bio-

imaging researches will be presented in the video format. 

Lastly, the overview of other major activities in the biomedical engineering at the faculty of 

engineering, CMU will be presented. 
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1

Biomedical Engineering

Chiang Mai University

 
 

Research Activities
• Medical Imaging

• Bioinformatics

• Cell and Tissue Engineering

• Biomechanics

• Biomedical Instrumentation
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Biomechanic
• Assistive Devices

– Passive standing-wheelchair

• FEM Analysis of the Retainer

• Computational study in Cardiovascular Engineering
– Numerical of Blood Flow in the Pulmonary Circulation
– Pulsatile Flow in a Compliant Tube

 
 

Biomedical Instrumentation

• Surada Stereotactic Instrument
– neurosurgical operative device for directing the 

probe or radiation beam to a target in human brain
which is invisible from outside

	

���
����������
���������
	

��
�����������!"�#$��%���$&  104 

 



 
������� 

  

 

Biomedical Instrumentation
• Rapid Prototyping Technology for Dentistry

• Patient Monitoring System Using SNMP Protocol

• The Development of ECG Card Monitoring via

Computer Network, Mobile Telephone, and Pocket

PC

 
 

Numerical Modeling of Pulsatile
Flow in a Compliant Tube

Asst. Prof. Yottana Khunatorn

Mechanical Engineering
Chiang Mai University

THAILAND
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OverviewOverview

• Numerical Study of TCPC Connection
• 1-D Numerical Modeling of Blood Flow

in Pulmonary Arteries
• 2-D Numerical Modeling of Oscillating

Flow within a Compliant Vessel
(Preliminary Result)

 
 

Congenital Heart Disease

• The congenital heart disease is the most common major
birth defect in live birth.

• CHD occurs in approximately 8 of 1000 live birth

• Atrial Septal Defect (ASD)
A hole between left atrium and right atrium

• Ventricular Septal Defect (VSD)
A hole between left ventricle and right ventricle

• Tricuspid Atresia
Tricuspid valve didn't develop normally or absent.

Most Common Cardiac Defects
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Tricuspid Atresia

 
 

Treatment

• Blalock-Taussig Shunt  6 months – 1 year old
• Glenn Shunt or Bidectional Glenn Shunt (BDG)

< 2years old
• Fontan Operation  2-4 yrs old

– Atrio-Pulmonary Connection
– Total Cavopulmonary Connection
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Fontan Operation

Total Cavopulmonary Connection

This connection bypasses both the
right atrium and the right ventricle
from the circulation. The atrial
partition is used to divert the IVC
blood to the SVC.

SVC

IVC

PA

 
 

No Offset Model @ SVC:IVC = 50%:50%
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Offset Model @ SVC:IVC = 50%:50%
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Pressure drop across the connection 50/50

80

100

120

140

160

180

200

0 1 2 3 4Model

Pr
es

su
re

 (P
as

ca
l)

Experiment Upwind Solution Central Solution

Pressure Drop Across the Connection

50%

50%

	

���
����������
���������
	

��
�����������!"�#$��%���$&  109 

 



 
������� 

  

 

Pressure Drop Across the Connection

Pressure drop across the connection 25/75
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Previous Study Summary & Conclusion

Simplified TCPC model presented

• “Optimal” connection is at no offset connection for 
equal flow rate ratio and 1-diameter offset distance
for unequal flow rate ratio.

• Overall pressure drop indicative of energy loss and
thus “efficiency” of model
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Compliant Tube ModelingCompliant Tube Modeling

• Numerical Analysis of Fluid Dynamic in a flexible Tube 
• 1-D modeling provides a rough perspective on the

relationship between tube deformation and pressure and 
velocity magnitude

• 2-D modeling gives us a detail of velocity and pressure
distribution throughout the flow field

 
 

11--D ModelingD Modeling

(http://www.acsr.ac.th/webmasters/web_3/story3.html,
March 28, 2004)

(Wiener et al., 1966)
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11--D Governing EquationsD Governing Equations

Conservation of Mass
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11--D Governing EquationsD Governing Equations

Vessel deformation

pSS ��� 0

� � compliant coefficient

The velocity, pressure, and cross sectional area are solved 
numerically using the Mac Cormack method
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11--D Boundary ConditionsD Boundary Conditions
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Clinical InformationClinical Information
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Extracted Boundary ConditionsExtracted Boundary Conditions

 
 

Pressure and Blood Flow RatePressure and Blood Flow Rate
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CrossCross--Sectional AreaSectional Area

 
 

11--D ConclusionD Conclusion

• The overview of the relationship between tube deformation
and pressure and flow rate was observed with reasonable
accuracy

• 1-D modeling results agree with the clinical data with minor
differences, which caused  by

� Simplification of the tube deformation model
� Accuracy of the boundary conditions extraction from the

clinical data
� Improve this model to present the affect of any anomaly occurs

downstream
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22--D Modeling (Preliminary phase)D Modeling (Preliminary phase)

1. Look into the flow characteristics in more 
detail

2. Study the relationship between pressure, flow,
deformation, and wall shear stress

3. Study the relationship between pressure and
velocity wave 

 
 

Fluid Governing EquationsFluid Governing Equations
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Compliant Tube ModelingCompliant Tube Modeling

1. No displacement in the axial direction
2. No stress in the lateral axis

 
 

Coupling between Fluid Dynamics and Coupling between Fluid Dynamics and
Wall MotionWall Motion

1. Fluid parameters, u, v, p, are solved
2. The deformation of the vessel is 

calculated
3. Numerical grid is updated according to 

the deformation
4. Repeat the calculation
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Wall 3

Outlet

Wall 1

Inlet
Centerline

Interface 
Wall 2

Numerical ModelingNumerical Modeling

 
 

Steady Flow within Compliant Tube ModelingSteady Flow within Compliant Tube Modeling

1-D Laminar Steady Flow in a Compliant Tube (Fung, Y.C., 1996)
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Radial Stress in very small compared with the circumferential stress
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Model ValidationModel Validation

Pressure drop and deformation comparison between
numerical model and analytical model (Fung, Y.C., 1996)

 
 

PulsatilePulsatile Flow in Compliant TubeFlow in Compliant Tube

	

���
����������
���������
	

��
�����������!"�#$��%���$&  119 

 



 
������� 

  

 

PulsatilePulsatile Flow in Compliant TubeFlow in Compliant Tube

 
 

Preliminaries ConclusionPreliminaries Conclusion

• The velocity variation is observed close to the wall
and may affect the wall shear stress

• The detail parametric analysis is on progress
• The wall motion will be included into the TCPC

modeling to simulate more reality phenomena of the
blood flow
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