
BMEN 4980 / 5800 Cardiovascular Fluid Dynamics 

Spring 2020 

Updated Syllabus as of March 19th, 2020 for online instruction 

Updates to syllabus are highlighted in green 

 

Instructor:  Dr. Venkat Keshav Chivukula (Keshav) 

Office:   NTDP K240H 

Class:   Lecture video and notes posted on canvas every week 

                        Virtual class discussion on lecture notes Wednesday 10:30 – 11:20 am  

                        (usual class time) via Zoom (see canvas for more information) 

Laboratory:  All laboratory sessions are online, and will use either free or UNT- 

                                    licensed softwares (like Matlab and Solidworks) 

   More information about software access will be posted on Canvas 

Office Hours:  Virtual office hours (via Zoom) 1:00 pm – 2:30 pm M W or by  

                                    appointment 

Email:   venkatkeshav.chivukula@unt.edu 

 

TA:    Ranen Habib ranenhabib@my.unt.edu 

   Justin Croom  justincroom@my.unt.edu 

 TAs will be having online office hours for course and lab questions. Contact them if you 

need to chat with them. 

Description: Blood flow is essential for normal body function. The dynamics of blood flow and 

the heart functioning as a pump, are regulated by, and in turn regulate many physiological 

processes in the human body. Understanding the flow of blood in the human body provides 

valuable insights into human physiology and the interdependence of various organ systems. 

Cardiovascular diseases disrupt normal blood flow in the human body, affecting many essential 

processes and organs (giving rise to a plumbing problem!). In this course, we will learn about the 

nature of blood and regulation of blood flow in normal and diseased situations using fundamental 

principles including physiology, engineering, analytical and computational models, mechanistic 

approaches and clinical viewpoints. We will also discuss state-of-the-art therapeutic techniques 

and medical devices currently used by clinicians for detecting and treating cardiovascular diseases. 

Major Topics: 
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• Introduction to fluid and solid mechanics 

• Introduction to cardiovascular physiology 

• Blood rheology 

• Models of blood flow and arterial wall dynamics 

• Blood flow mechanics and arterial disease 

• Mechanical devices 

• Fluid mechanics of cardiovascular implants 

• Blood measurements in the cardiovascular system 

• Computational Fluid Dynamics (CFD) of blood flow  

• Class Project: CFD simulation project on blood flow. Potential topics include: 

o Simulation of blood flow through arterial stenosis 

o Simulation of blood flow through arterial aneurysms 

o Simulation of blood flow through bifurcations 

o Effect of curvature on blood flow in arteries 

Textbook:  

      There is no mandatory textbook. Class notes will be an important source of material for 

this class, in addition to reading material uploaded on canvas. 

 

Reference:  

Biofluid Mechanics: The Human Circulation by Krishnan Chandran, Ajit Yoganathan  

               and Stanley Rittgers, 2nd edition, CRC Press, 2012 

Hemodynamics by Milnor 

Rheology of the Circulation by Whitmore 

Fluid Mechanics by FM White 

Specific goals for the course: 

a. Specific outcomes of instruction: Upon successful completion of this course, students 

will understand: Gain an understanding of biomedical modeling. Understand the 

application of modeling to various cardiovascular engineering applications. Develop 

a knowledge of statistical modeling using statistics software. Understand the 

principles of quantitative approaches to cardiovascular modeling. Gain knowledge on 

simulation techniques 

b. ABET Outcome 1: an ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and mathematics to 

cardiovascular phenomenon; 

Evaluation: Homework will be assigned in class and is typically due in one week after assignment. 

There will be one mid-term and one comprehensive final exam during the semester. Each student 

will be required to work on a class project, either individually or in a group. Laboratory projects 

will be assigned during the semester. The grading policy will be as follows:  



• Homework, quizzes and in-class participation  15 % 

• Exam 1 (completed)      15% (original weight) 

• Exam 2 (to be held in April)     25 % (take-home exam) 

• Laboratory reports      20 % (reduced from 25%) 

• Final Project       25 % (reduced from 30%) 

Grading scale: 

A – 90-100% 

B – 80-89% 

C – 70-79% 

D – 60-69% 

F - < 60% 

This scale may be lowered at the instructor’s discretion (but not raised). 

 

Class Project: Students will be put into groups for lab sections and for the final project. The 

laboratory sessions are essential for the success of the project, and student participation in the 

laboratory sections will be evaluated for the final grade. Each group will meet with the instructor 

for approval of their project topic Please bear in mind that some geometries may already be 

available for use, and consult the instructor for availability of meshes for simulations. Under the 

current circumstances regarding COVID-19, you are expected to collaborate with your project 

group members online and perform your design / analysis online. 

Disability Policy: All reasonable accommodation will be made to facilitate special needs. If 

special accommodations are required, the student must first meet with the staff of the Office of 

Disability Accommodation (ODA), Union Suite 322, (940) 565-4323.  After meeting with that 

office, please contact me to discuss what accommodations will be necessary. For more 

information, see http://www.unt.edu/oda.  

University Policy on Academic Misconduct 

Academic Misconduct (Sec. 3.4 from the Student Handbook): 

Any act that violates the academic integrity of the institution is considered academic misconduct. 

The procedures used to resolve suspected acts of academic misconduct are available in the offices 

of Academic Deans and the Office of Campus Life. Specific examples include, but are not limited 

to: 

Cheating: Copying from another student’s test paper, written assignment, other report, or 

computer files and listings; Using, during any academic exercise, material and/or devices not 

authorized by the person in charge of the test; Collaborating with or seeking aid from another 

student during a test or laboratory without permission; Knowingly using, buying, selling, stealing, 

transporting, or soliciting in its entirety or in part, the contents of a test or other assignment 

unauthorized for release; Substituting for another student or permitting another student to 

substitute for oneself. 



Plagiarism: The appropriation, theft, purchase or obtaining by any means another’s work, and the 

unacknowledged submission or incorporation of that work as one’s own offered for credit. 

Appropriation includes the quoting or paraphrasing of another’s work without giving credit 

(especially online resources). Turnitin will be utilized to ensure online resources are not 

misappropriated. 

Any work not meeting this standard will be evaluated and subject to either a re-write, if the 

Instructor concludes that the assignment was unintentionally plagiarized or a zero for the 

assignment. Egregious forms of academic conduct are subject to a formal hearing. For more 

information on paper writing, including how to avoid plagiarism, and how to use citations, see 

http://anthropology.unt.edu/resources-writingpaper.php. For information on the University’s 

policies regarding academic integrity and dishonesty, see the UNT Center for Student Rights and 

Responsibilities, http://www.unt.edu/csrr/. 

Collusion: The unauthorized collaboration with another in preparing work offered for credit. 

Sexual Discrimination, Harassment and Assault: UNT is committed to providing an 

environment free of all forms of discrimination and sexual harassment, including sexual assault, 

domestic violence, dating violence, and stalking. If you (or someone you know) has experienced 

or experiences any of these acts of aggression, please know that you are not alone. The federal 

Title IX law makes it clear that violence and harassment based on sex and gender are Civil Rights 

offenses. UNT has staff members trained to support you in navigating campus life, accessing 

health and counseling services, providing academic and housing accommodations, helping with 

legal protective orders, and more. 

Personal Distress: Excerpts from http://studentaffairs.unt.edu/care “The University of North 

Texas cares about our students' success, not only academically, but emotionally and physically…. 

Because of our commitment, we provide literally hundreds of departments and services across 

campus that respond to our students' unique needs…. UNT believes it is important to foster an 

environment that encourages students to maintain a standard of responsibility for self-care which 

includes the ability to respond adequately to one's emotional, physical, and educational needs. If 

you are experiencing physical or emotional distress which adversely affects your ability to succeed 

in class, please see me as soon as possible. Together, we will point you towards the appropriate 

resources. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Schedule of classes (subject to change): 

# Date Day Topic Covered 

1 Jan 13 Mon Introduction, course overview, different fluids in nature 

2 Jan 15 Wed Fluid mechanics fundamentals 

3 Jan 20 Mon MLK Day (No classes) 

4 Jan 22 Wed Fluid mechanics fundamentals 

5 Jan 27 Mon Laminar or turbulent? 

6 Jan 29 Wed Solid mechanics fundamentals 

7 Feb 3 Mon Thin or thick walled tubes? 

8 Feb 5 Wed Cardiac structure and function 

9 Feb 10 Mon Cardiac structure and function 

10 Feb 12 Wed Midterm Exam 1 

11 Feb 17 Mon Blood rheology (properties of blood) 

12 Feb 19 Wed Vascular mechanics 

13 Feb 24 Mon Blood flow models: Bernoulli (steady flow) 

14 Feb 26 Wed Blood flow models: rigid tube models (steady flow) 

15 Mar 2 Mon Blood flow models: Windkessel model (unsteady flow) 

16 Mar 4 Wed Blood flow models: Windkessel model (unsteady flow) 

17 Mar 9 Mon Spring Break (no classes) 

18 Mar 11 Wed Spring Break (no classes) 

19 Mar 16 Mon Hemodynamic parameters (wall shear stress / pressure) 

20 Mar 18 Wed Flow through curved vessels, bifurcations, stenoses and aneurysms 

21 Mar 23 Mon Heart valve flows 

22 Mar 25 Wed Case studies 

23 Mar 30 Mon Midterm Exam II 

24 Apr 1 Wed Computational Fluid Dynamics (CFD) for blood flow 

25 Apr 6 Mon Cardiovascular pathologies 

26 Apr 8 Wed Artificial (mechanical and prosthetic) heart valves 

27 Apr 13 Mon Vascular therapeutic techniques and devices 

28 Apr 15 Wed Vascular therapeutic techniques and devices 



29 Apr 20 Mon Blood pressure and flow measurements 

30 Apr 22 Wed Measurements (continued) – Doppler / CT / MRI 

31 Apr 27 Mon Project presentations 

32 Apr 29 Wed Project presentations 

 


