"Autoimmune Disease Diagnhostics and Prognosis
Using Computational Fluid Dynamics Analysis"'

A

Project Report

submitted in partial fulfillment of the requirement for the award
of the degree of

MASTER OF TECHNOLOGY
in
BIOINFORMATICS
by
Neeraj

Roll. No. 08/BIN/2K10

under the guidance of

Dr. Asmita Das
Assistant Professor
DTU, New Delhi

DEPARTMENT OF BIOTECHNOLOGY
DELHI TECHNOLOGICAL UNIVERSITY
NEW DELHI-110042
JULY-2012



Department of Biotechnology
Delhi Technological University
Delhi

ECH

ERS I TY

5,
&
\s\‘&

Certificate

This is to certify that Mr. Neeraj, student of final semester M.Tech. (Bioinformatics),
Biotechnology Department, during the session 2010-2012 has successfully completed
the project work on " Autoimmune Disease Diagnostics and Prognosis Using

Computational Fluid Dynamics Analysis ** at Department of Biotechnology, Delhi
Technology University, Delhi and has submitted a satisfactory report in partial
fulfilment for the award of the degree of Master of Technology.

The assistance and help received during the course of investigation have been fully

acknowledged. He is a good student and we wish him good luck in future.

Dr. Asmita Das Prof. S. Maji
Assistant Professor, HOD
Biotechnology Department Biotechnology Department
Delhi Technological University Delhi Technological University

Delhi -110042 Delhi -110042



Candidate Declaration

| hereby declare that the work which is being presented in this thesis entitled
“Autoimmune Disease Diagnostics and Prognosis Using Computational Fluid
Dynamics Analysis” is my own work carried out under the guidance of Dr. Asmita
Das, Assistant Professor, Department of Biotechnology, Delhi Technology University,
Delhi.

| further declare that the matter embodied in this thesis has not been submitted for the

award of any other degree or diploma.

Date: Neeraj

Place: New Delhi Roll. No. 08/BIN/2K10



Acknowledgement

| offer my thanks and gratitude to Dr. Asmita Das for accepting me as a student under
her supervision and providing scientific support during my project and for giving me an
opportunity to learn Computational Fluid Dynamics Analysis of Blood flow to
diagnose and prognose the Autoimmune Disease. | benefitted a lot from her constant
supervision and encouragement during my project work. She has provided freedom to
work independently that has helped me to learn various important aspects of research
field and courage to work independently. Her ever-helping nature and friendly attitude
made a great impetus in my mind. She has taken lots of pain and untiring efforts to
guide me and I could not have imagined having a better advisor and mentor for my

Project. Dear Madam million thanks to you.

I would like to thank all the researchers, scholars and scientist who made their research
work available on net as going through it gave me great insight and knowledge about

the subject in hand.

My special thanks to one my friend Mr. Chinmaya Mishra, Research scholar (Thermal
Engineering) in Mechanical Engineering Department, D.T.U., Delhi, who helped me a
lot in learning the basic facts and solving problems.

And also | want to hearty thanks Dr. Samsher, Professor, Department of Mechanical
Engineering, D.T.U., Delhi who helped me a lot in learning the CFD software i.e.
Gambit and Fluent. Lastly | express my indebtedness to my parents whose support, love
and affection has been always motivates me to move ahead in life. | thank almighty
GOD for His countless blessings.

Neeraj



Contents

Title
List of Figures
List of Tables
Abstract
Aim and Objectives
Chapter 1

Introduction

1.1 Introduction

1.2 Example of Autolmmune diseases
1.2.1 Glomerulonephritis
1.2.2 Systemic Lupus Erythematosus
1.2.3 Hypersensitivity pneumonitis
1.2.4 Rheumatoid Arthritis
1.2.5 Type 1 Diabetes

1.3 Anatomy of Brachial Artery

1.4 Immune complexes

1.5 Sizes of immune complexes

1.6 Computational fluid dynamics

1.7 CFD Software

Chapter 2
Review of Literature

2.1 Autoimmune Diseases

Page Number
-
ii
1\

\'

n
o

coO o O A BB WO N NN PP PP

9-27



2.2 Immune complex 10

2.3 Diagnosis of Autoimmune Diseases 11
2.4 Treatment of Autoimmune Diseases 12
2.5 Morphology of Brachial Artery 14
2.6 Computational Fluid Dynamics 14
2.7 Particulate Nature of Blood 17
2.8 Blood Flow Modeling 18
2.9 Computational Models of Blood flow in Arteries 19
2.10 Investigating the flow field in arteries 23
Chapter 3
Methodology 28-39
3.1 Geometry, Material Properties, Boundary Conditions and
Assumptions 28
3.2 Geometry Development 29
3.2.1 Points Creation in Gambit 29
3.2.2 Lines creation in Gambit 30
3.2.3 Face creation 30
3.2.4: Zone creation 31
3.3: Meshing 32
3.4: Fluid under conditions development in fluent
And simulation of parameters 33
3.4.1: Case 1 34
3.4.2: Case 2 34
3.4.3: Case 3 34
3.4.4: Case 4 35
3.4.5: Case 5 36
3.4.6: Case 6 38
Chapter 4

Results 40-64



4.1: Casel 40

4.2: Case 2 44
4.3: Case 3 47
4.4: Case 4 48
4.5: Case 5 54
4.6: Case 6 59
Chapter 5
Discussion 65-67
Chapter 6
Conclusion 68
References 69-77

Appendix 78



