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1. Fluid Fundamentals

1.1. Definition of a Fluid

1.1.1.  Gases

1.1.2.  Liquids

1.2. Fluid Thermodynamic Properties

1.2.1.  Density

1.2.2.  Pressure

1.2.3.  Temperature

1.2.4.  Osmotic Pressure

1.2.4.1. isotonic

1.2.4.2. hypotonic

1.2.4.3. hypertonic

1.2.4.4. Protein Oncotic Pressure

1.3. Relationship Between Properties

1.3.1.  Ideal Gas

1.3.2.  Non-ideal Gas

1.3.3.  Liquids

1.4. Body Fluids

1.4.1. Intracellular

1.4.2. Extracellular

1.4.2.1. Interstitial Fluid

1.4.2.2. Plasma

1.4.2.3. Blood

1.4.2.4. Mucus

1.4.2.5. Air

1.4.2.6. Urine


2. Hydrostatics

2.1.  Static Forces

2.1.1. Weight

2.1.2. Pressure Force

2.1.3. Osmotic Pressure Force

2.1.4. Buoyancy Force

2.1.5. Surface Tension Force

2.1.6. Electrical and Magnetic Forces

2.2.  Newton's First Law of Mechanics

2.2.1. Manometer

2.2.1.1. Sphygmomanometer

2.2.2. Critical Drop Size

2.2.3. Capillary Hydrostatics

2.2.4. Law of Laplace


3. Fluid Kinematics

3.1. Velocity and Momentum

3.2. Mass Flux and Momentum Flux

3.3. Mass Flowrate

3.4. Volumetric Flowrate

3.5. Acceleration and Substantial Derivative

3.6. Streamlines, Pathlines and Steaklines

3.7. Eddies

3.8. Flow Separation


4. Microscopic Constitutive Relationships

4.1. Stresses

4.1.1. Normal stresses

4.1.2. Shear stresses

4.1.3. Sign Convention

4.1.4. Subscript Convention
4.2. Newtonian fluid

4.2.1. Viscosity

4.2.2. Newtonian Biological Fluids

4.3. Non-Newtonian

4.3.1. Power-Law Fluids

4.3.2. Bingham Fluids

4.3.3. Non-Newtonian Biological Fluids

4.3.3.1. Mucus

4.3.3.2. Blood Rheology

4.3.3.2.1. Relative Viscosity

4.3.3.2.2. Apparent Viscosity

4.3.3.2.2.1. Hematocrit Dependence

4.3.3.2.2.2. Shear rate Dependence

4.3.3.2.2.3. Yield Stress

4.3.3.2.2.3.1. Casson Constitutive Relation

4.3.3.2.2.4. Dependence on Tube Diameter 

4.3.4. Viscoelastic Fluids

4.3.5. Porous media

4.3.5.1. Darcy's Law

4.3.6. Turbulence


5. Fluid Dynamics: Equations of Motion and Auxiliary Conditions

5.1. System Control Volume

5.1.1. Macroscopic

5.1.2. Microscopic

5.2. Conservation of Mass

5.2.1. Macroscopic

5.2.2. Microscopic

5.2.2.1. Shell balance approach

5.2.2.2. General Shell Balance: Continuity Equation

5.2.2.2.1. Constant density

5.3. Conservation of Momentum

5.3.1. Macroscopic

5.3.2. Microscopic

5.3.2.1. Shell Balance Approach

5.3.2.2. General Microscopic Balance

5.3.2.2.1. Inviscid flow

5.3.2.2.2. Laminar Viscous Flow

5.3.2.2.2.1. General Microscopic Eqs. in terms of stresses

5.3.2.2.2.2. Newtonian Fluid, Constant Properties

5.3.2.2.2.2.1. Navier-Stokes Eq

5.3.2.2.2.2.1.1. Rectangular Coordinate System

5.3.2.2.2.2.1.2. Cylindrical Coordinate System

5.3.2.2.2.2.1.3. Spherical Coordinate System

5.3.2.2.2.3. Non-Newtonian Fluids

5.3.2.2.3. Turbulent Viscous Flow

5.3.2.2.3.1. Reynolds Stress

5.4.  Mechanical Energy Balance

5.4.1. Macroscopic

5.4.1.1. Frictionless: Bernoulli Eq.

5.4.1.2. Energy loss factor

5.4.2. Microscopic

5.5. Boundary Conditions

5.5.1. No slip at solid interfaces

5.5.2. Continuity of velocity at fluid interface

5.5.3. Continuity of shear stress at fluid interface

5.5.4. Symmetry

5.6. Initial Conditions


6. Macroscopic Experimental Relationships

6.1. Dimensional Analysis (Buckingham-Pi)

6.1.1. Reynolds Number

6.1.1.1. Laminar Flow

6.1.1.2. Turbulent Flow

6.1.1.3. Transition Flow

6.2.  Dynamic Similarity

6.3. System Fluid Resistance

6.3.1.  Resistance and Friction Factor - Internal Flow

6.3.1.1. Straight Rigid Tubes - Moody Diagram

6.3.1.1.1. Design for Pressure, Flow or Diameter

6.3.1.1.2. Non-circular ducts, Hydraulic radius

6.3.1.1.3. Friction Loss in Entry Region

6.3.1.2. Compliant Tubes

6.3.1.2.1. Transmural Pressure

6.3.1.2.2. Ideal Starling Resistor

6.3.1.2.2.1. Ex:Sphygmomanometer

6.3.1.2.3. Influence of Wall Properties

6.3.1.3. Curved & tapered tubes

6.3.1.4. Fittings - Friction Loss Factor

6.3.1.5. Parallel Tubing Networks

6.3.1.6. Porous Membranes

6.3.1.7. Physiological Organs

6.3.1.8. Porous Media

6.3.2. Resistance and friction factor - External Flow

6.3.2.1. Flow past flat plate

6.3.2.2. Flow around circular cylinder

6.3.2.3. Flow around a sphere

6.3.2.4. Flow around array of objects

6.4.  System Compliance

6.4.1. Effect of Compliance on System Resistance

6.5. System Inertance


7. Fluid Dynamics: Models of Fluid Motion

7.1. Macroscopic System (Flow vs. Pressure Difference)

7.1.1. Steady Flow

7.1.1.1. Incompressible Flow

7.1.1.1.1. Internal Flow

7.1.1.1.1.1. Single inlet & outlet

7.1.1.1.1.1.1. Ex: Flow in single vessels

7.1.1.1.1.1.2. Ex: Pressure in aneurism

7.1.1.1.1.1.3. Ex: Flow through stenotic vessels

7.1.1.1.1.1.4. Ex: Flow in curved vessels

7.1.1.1.1.1.5. Ex: Flow through tapered vessels

7.1.1.1.1.1.6. Ex: Pressure/Flow in organs

7.1.1.1.1.2. Flow through compliant vessels

7.1.1.1.1.2.1. Ex: Venous flow

7.1.1.1.1.2.2. Ex: Flow in Lung Capillaries

7.1.1.1.1.2.3. Ex: Flow in collapsing airways

7.1.1.1.1.3. Flow through networks

7.1.1.1.1.3.1. Ex: Flow in Capillary Beds

7.1.1.1.1.3.2. Ex: Flow in Respiratory System

7.1.1.1.1.4. Flow through membranes

7.1.1.1.1.4.1. Ex: Cell transmembrane flow

7.1.1.1.1.4.2. Ex: Capillary filtration

7.1.1.1.1.4.3. Ex: Flow through dialysis devices

7.1.1.1.1.5. Flow in Porous Media

7.1.1.1.1.5.1. Ex: Interstitial fluid flow

7.1.1.1.1.5.2. Ex: Flow through bioreactors

7.1.1.1.1.6. Rotating Systems

7.1.1.1.1.6.1. Ex: Centrifuge

7.1.1.1.2. External Flow

7.1.1.1.2.1. Drag on single objects

7.1.1.1.2.1.1. Ex: Skydiving

7.1.1.1.2.1.2. Ex: Swimming

7.1.1.1.2.1.3. Ex: Locomotion

7.1.1.1.2.2. Flow around arrays of objects

7.1.1.2. Compressibility Effects

7.1.2. Unsteady-state incompressible flow

7.1.2.1. Ex: Arterial Blood Flow (Windkessel)

7.1.2.2. Ex: Respiratory air flow

7.1.2.3. Ex: Flow in lymphatics

7.1.2.4. Ex: Cardiac Mechanics

7.1.2.5. Ex: Coronary Blood Flow

7.1.2.6. Ex: Peristaltic Flow

7.2. Microscopic System (Velocity & Pressure Distributions)

7.2.1. Laminar Incompressible Flow: Newtonian & Non-Newtonian

7.2.1.1. Steady-State 

7.2.1.1.1. 1-D Parallel Flow

7.2.1.1.1.1. Flow between flat plates

7.2.1.1.1.1.1. Ex: Zone 3 Lung capillary flow

7.2.1.1.1.1.2. Ex: Parallel plate devices

7.2.1.1.1.2. Flow through circular cylinder

7.2.1.1.1.2.1. Ex: Flow in single vessel or airway

7.2.1.1.1.3. Flow of immiscible fluids, fluid layers

7.2.1.1.1.4. Annular flow

7.2.1.1.1.4.1. Ex: Flow through vessel with catheter

7.2.1.1.1.5. Flow between rotating cylinders

7.2.1.1.1.5.1. Ex: Couette Viscometer

7.2.1.1.1.6. Radial flow

7.2.1.1.1.6.1. Cell shrinkage or expansion

7.2.1.1.2. Nearly Parallel Flow

7.2.1.1.2.1. Flow through compliant tube

7.2.1.1.2.2. Flow through porous tube

7.2.1.1.2.3. Sheet flow in lung

7.2.1.1.2.4. Lubrication Theory - joints

7.2.1.1.3. 2-D Flow

7.2.1.1.3.1. Rotating Sysytems

7.2.1.1.3.1.1. Ex: Cone and plate viscometer

7.2.1.1.3.2. Scaling and Approximations

7.2.1.1.3.2.1. Boundary Layer Theory

7.2.1.1.4. 3-D Flow

7.2.1.1.4.1. Analytic Approaches

7.2.1.1.4.2. Numerical Approaches

7.2.1.2. Unsteady-State 

7.2.1.2.1. 1-D Parallel Flow

7.2.1.2.1.1. Oscillating flow near flat plate - Stokes layer

7.2.1.2.1.2. Unsteady Flow between flat plates

7.2.1.2.1.2.1. Parallel plate devices

7.2.1.2.1.3. Oscillating flow in tube

7.2.1.2.1.3.1. Ex: Pulsatile arterial blood flow

7.2.1.2.1.4. Transient radial flow

7.2.1.2.1.4.1. Ex: Cell shrinkage or expansion

7.2.1.2.2. Nearly Parallel Flow

7.2.1.2.2.1. Flow through compliant tube

7.2.1.2.3. 2-D Flow

7.2.1.2.3.1. Ex: Peristaltic flow

7.2.1.2.3.2. Ex: Unsteady-state boundary layer growth

7.2.1.2.4. 3-D Flow

7.2.1.2.4.1. Ex: Flow induced by Flagella & Cilia Motion

7.2.1.2.4.2. Ex: Particle deposition in respiratory tree

7.2.1.3. Compressibility Effects

7.2.2. Turbulent Flow Situations

7.2.2.1. Ex: Medical Device Design

7.2.2.2. Ex: Upper airway flow

7.2.2.3. Ex: Exercise, large vessels

