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Keywords:

Concept of (bio)fluids, continuum, scaling and dimensional analysis, conservation of mass,
conservation of momentum, constitutive equations, Euler, Bernoulli and Navier-Stokes
equations, kinematics of fluids, Poiseuille law, Newtonian viscous flows.

Course Description & Objectives:
This course introduces the fundamental of fluid mechanics with a focus on biomedical-
relevant applications. Details of all topics covered are given below (weekly lectures).
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Topics & Schedule
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e Topic 1: Introduction to Fluids
Definition of a fluid, recap on basic physics and drag force, review of dimensions and units,
definition of a velocity field (Eulerian vs. Lagrangian), ODE and ideal gas law.

e Topic 2: Viscosity
Introduction to viscosity, boundary conditions (i.e. no-slip, etc.), review of a stress field,
stress-strain (rate) tensor. Application to velocity fields.

Homework 1

e Topic 3: Hydrostatics
Fluid statics, pressure variation, manometer, hydrostatic force and moment, center of
pressure, buoyancy and stability.

Homework 2

e Topic 4: Mass Conservation
Definition in integral form (control volume) and examples, definition in differential form
and examples.

Homework 3

e Topic 5: Momentum Conservation
Newton’s second law for a fluid, momentum equation for inertial control volume and
examples, angular momentum, general momentum equation in differential form.

e Topic 6: Incompressible Inviscid Flows
Euler equations, Bernoulli equation (derivation), static, stagnation and dynamic pressures,
examples (i.e. pitot tube, siphon).

Homework 4

e Topic 7: Navier-Stokes’ Equations
Derivation, Navier-Stokes equations for Newtonian fluid and first examples for laminar
flows (i.e. inclined plane flow, viscometer between coaxial cylinders), Unidirectional
flows, Fully-developed laminar flow (parallel plates), Hagen-Poiseuille in a tube.

e Topic 8: Dimensional Analysis and Similitude
Buckingham-Pi theorem, revisiting the falling ball, examples (Erythrocyte sedimentation
rate, microfluidic sorter), Non-dimensional Navier-Stokes’ Equations and applications

Homework 5
EXAM
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Ethics

The strength of the university depends on academic and personal integrity. In this course, you must
be honest and truthful. Ethical violations include cheating on exams, plagiarism, reuse of assignments,
improper use of the Internet and electronic devices, unauthorized collaboration, alteration of graded
assignments, forgery and falsification, lying, facilitating academic dishonesty, and unfair competition.
Report any violations you witness to the instructor.

Students with Disabilities

Any student with a disability who may need accommodations in this class must obtain an
accommodation letter from Technion International’s guidance counselor:
counselor@int.technion.ac.il

ABET Outcomes
(a) Ability to apply knowledge of mathematics, science and engineering.
(b) Ability to identify, formulate, and solve engineering problems.
(c) Understanding of professional and ethical responsibility.
(d) Ability to use the techniques, skills, and modern engineering tools necessary for engineering
practice.

(e) Apply dimensional analysis to solve fluid mechanics problems
(f) Apply conversation equations

(g) Assimilate velocity fields and fluid kinematics

(h) Explain what is fluid viscosity and shear forces

(i) Understand pressure gradients and flow

(j) Apply diffusion mass transport equations

(k) Describe the behavior of Newtonian and non-Newtonian fluids
() Describe what are biofluids
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