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Main Topics

1. Course Outline and about my background

2. Introduction to Fluid Mechanics

3. Definition of a Fluid

4. Basic Equations

5. Importance of Dimensions and Units

6. Viscosity, Shear Stress, and Drag Force

7. Timelines, Pathlines, Streaklines, and Streamlines (See the lecture notes as well)

8. Surface Tension and Capillary Effects

9. Analysis of Experimental Error (Read from Textbook )

10. Classification of Fluid Flows
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Textbooks and References

Fox & Macdonald, Introduction to Fluid Mechanics, 10th edition, Wiley (2020)

F.M. White, Viscous Fluid Flow, 3rd edition, McGraw-Hill Higher Education, 2006

Yunus A. Cengel, John M. Cimbala, Fluid Mechanics: Fundamentals and Applications, 4th 

edition (SI Unit). Mc Graw Hill. Published July 2, 2019.

Munson's Fluid Mechanics, Global Edition, by P.M. Gerhart et al, Wiley, 2016; OR Munson, 

Young and Okiishi's Fundamentals of Fluid Mechanics, 8th Edition, by P.M. Gerhart et al, Wiley, 

2016



9/1/2023MANE 2720 Fluid Mechanics

4

Objectives

• Identify different categories of fluid flow issues observed in real-world applications. 

• Formulate engineering challenges and their corresponding solutions. 

• Model engineering problems and understand how they are solved.

• Possess practical familiarity with accuracy, precision, and significant figures, and 

acknowledge the significance of dimensional consistency in engineering computations.
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Introduction

Mechanics: The most ancient branch of physical 

science that addresses the behavior of both stationary 

and moving bodies when subjected to forces.

Statics: A branch of mechanics dedicated to the analysis 

of bodies in a state of rest.

Dynamics: The segment that delves into the study of 

bodies in motion.

Fluid mechanics: The scientific realm focused on 

elucidating the conduct of fluids, whether motionless 

(fluid statics) or in movement (fluid dynamics), and 

exploring how fluids interact with solid surfaces or other 

fluids at boundaries.

Da Vinci’s turbulence painting
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Introduction

Hydrodynamics involves the examination of fluid movement in 

situations where the fluids can be reasonably treated as incompressible, 

encompassing liquids (especially water) and gases at lower velocities.

Gas dynamics, on the other hand, focuses on the behavior of fluids that 

experience significant alterations in density, as seen in high-speed gas 

flow through nozzles.

Aerodynamics addresses the patterns of gas flow, particularly air, 

across objects like aircraft, rockets, and vehicles, whether at high or low 

speeds.

Meteorology, oceanography, and hydrology, in contrast, tackle the 

investigation of naturally occurring fluid motions.
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Molecular Structure of Three Phases of Mater

*Prof. Wayne Hacker’s Lecture slides.
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Why is Fluid Mechanics an important field for MANE?

Nuclear Engineering: Steam generatorMechanical Engineering: Car Engine

Aerospace Engineering: Re-entry
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Definition of fluid systems, boundaries, and surroundings*:

*Prof. Wayne Hacker’s (University of Arizona) Lecture slides.

“Definition: A fluid system is defined as a fixed, identifiable quantity of mass with a clear 

boundary between the mass and its surroundings (environment).

Definition: The system’s surroundings is everything external to the system. 

Definition: The area separating the system from its surroundings is the boundary of the 

system (the collection of points that is in contact with both the system and its 

surroundings). The boundary may be at rest or in motion.

Definition: A closed system (or control mass) is a definite quantity of matter contained 

within some closed surface. An isolated system is a closed system from which no energy 

can escape. Note that an isolated system must also be a closed system.

Definition: A control volume (a.k.a. open system) is a definite fixed location in space. 

The system, passing through the control volume, is called open because mass may flow 

in or out of the control volume.”
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Definition of System and Control Volume*

*Prof. Wayne Hacker’s Lecture slides.
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Continuum Hypothesis

See the lecture notes for the definition of the mean free path and Knudsen number.
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Dimensions and Units of Physical Quantities:
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What is a Fluid?

Definition: 
Shear stress is characterized as a force divided by the area it acts upon, aligned 

parallel to an extremely small surface element. The principal source of shear stress 

originates from the interaction between fluid particles, a consequence of fluid 

viscosity.

For solids

Upon the application of a consistent shear force, a solid 

ultimately ceases its deformation at a particular strain 

angle, whereas a fluid perpetually undergoes deformation 

and converges toward a steady rate of strain.
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Shear Stress:

Stress: The force applied per unit area.

Normal stress: The component of force that acts 

perpendicular to a surface, divided by the area. It 

originates from pressure.

Shear stress: The component of force that acts tangent 

to a surface, divided by the area. It arises from viscous 

friction.

 Zero shear stress: A motionless fluid is in a 

condition of no shear stress.
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Stress Field*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Stress Field*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Stress Tensor*

*Prof. Wayne Hacker’s Lecture slides.
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Stress Tensor*

*Prof. Wayne Hacker’s Lecture slides.
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Stress Tensor*

*Prof. Wayne Hacker’s Lecture slides.
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Shear Stress*:

*Prof. Wayne Hacker’s Lecture slides.

For solids: Deformation is quantified using shear strain (∅), either in terms of angle or distance.

For fluids: Deformation is gauged by the rate of shear strain (∅/𝑡), expressed as angle per unit time or 

length per unit time.
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Viscosity:

Newton’s Law of Viscosity (for a Newtonian fluid) is given by the linear shear-stress-to-strain-rate 

relationship (See the lecture notes for the derivations of units ): 

In the case of gases, viscosity tends to rise with higher temperatures, whereas 

the trend is opposite for liquids.

Also, for a Newtonian fluid, the shear stress changes linearly with the rate of 

deformation.

The viscosity has SI units of kg/(m·s). Notice that viscosity has fundamental units of mass, length, and 

time.
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Viscous Flows*

Viscosity is a characteristic that represents the 

internal resistance of a fluid to movement, often 

referred to as its fluidity.  The resistance of a fluid to 

deformation is quantified by its viscosity. Viscosity 

arises from internal frictional strength that emerges 

between distinct layers of fluids when they are forced 

to move.

 Drag force pertains to the energy a fluid in motion 

applies to an object in the direction of the flow. The 

extent of this force is influenced, to some extent, by 

viscosity. When a fluid moves with respect to a body, it 

generates a drag force upon the body, primarily 

attributed to the friction introduced by viscosity.

*Yunus A. Cengel, John M. Cimbala, Fluid Mechanics: Fundamentals and Applications, 4th edition (SI Unit). Mc Graw Hill. Published July 2, 2019.
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Example

The viscosity of a fluid is to be measured by a viscometer constructed of two 40-

cm-long concentric cylinders.The outer diameter of the inner cylinder is 12 cm, 

and the gap between the two cylinders is 0.15 cm. The inner cylinder is rotated at 

300 rpm, and the torque is measured to be 1.8 Nm. Determine the viscosity of 

the fluid.

(See the Examples Folder in LMS for the solution)
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Timelines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Timelines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Timelines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Timelines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Streaklines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Pathlines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Pathlines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Streamlines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Streamlines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Streamlines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Streamlines*

*Prof. Wayne Hacker (University of Arizona)’s Lecture slides. All rights reserved and used with permission.
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Surface Tension and Capillary Effect*

*Prof. Wayne Hacker’s Lecture slides.

Capillarity and Surface Tension | Surface Tension | Physics - YouTube

https://www.youtube.com/watch?v=PP9mn-X9i2Q
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Surface Tension and Capillary Effect*

*Prof. Wayne Hacker’s Lecture slides.
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Surface Tension and Capillary Effect*

*Prof. Wayne Hacker’s Lecture slides.
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Surface Tension and Capillary Effect*

*Prof. Wayne Hacker’s Lecture slides.
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Description and Classification of Fluid Motions

• Differentiating between viscous (µ ≠ 0) and inviscid (µ = 0) flows.

• Recognizing the visual characteristics of laminar and turbulent flows, and 

understanding how the Reynolds number (Re = UL/ν) aids in determining 

the likelihood of a flow being laminar or turbulent.

• Distinguishing between compressible (ρ ≠ constant) and incompressible 

(ρ = constant) fluids.

• Categorizing internal, external, and channel flows:

• An instance of internal flow is exemplified by pipe or duct flow.

• External flow can be illustrated by the motion of an aircraft through the 

atmosphere.

*Yunus A. Cengel, John M. Cimbala, Fluid Mechanics: Fundamentals and Applications, 4th edition (SI 

Unit). Mc Graw Hill. Published July 2, 2019.
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Description and Classification of Fluid Motions
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Reynolds Number

*Yunus A. Cengel, John M. Cimbala, Fluid Mechanics: Fundamentals and Applications, 4th edition (SI Unit). Mc Graw Hill. Published July 2, 

2019.
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Reynolds Number for External Flows*

*Yunus A. Cengel, John M. Cimbala, Fluid Mechanics: Fundamentals and Applications, 4th edition (SI Unit). Mc Graw Hill. Published July 2, 2019.
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Laminar versus Turbulent Flow

Laminar flow refers to a well-organized movement of fluid 

marked by the presence of seamless layers. This type of flow is 

commonly observed when high-viscosity fluids like oils move at 

slow speeds. Note that laminar flow is associated with low 

Reynolds number (Re).

On the other hand, turbulent flow is an erratic motion of fluid that 

arises at high speeds and is defined by variations in velocity. This 

type of flow is typically seen in the movement of low-viscosity 

fluids such as air at elevated velocities.

Transitional flow, as the term suggests, is a type of fluid 

movement that oscillates between being laminar and turbulent.
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Compressible and Incompressible Flows*

*Yunus A. Cengel, John M. Cimbala, Fluid Mechanics: Fundamentals and Applications, 4th edition (SI Unit). Mc Graw Hill. Published July 2, 2019.

Incompressible Flow: This refers to a situation where the density of the flowing 

fluid remains relatively constant throughout the process, as seen in the case of 

liquid flow.

Compressible Flow: In contrast, compressible flow arises when the density of 

the fluid changes while it is in motion, such as in high-speed gas flow (i.e., Ma > 

0.3).

Compressible Flow (air) Incompressible Flow (water)

•When the Mach number (Ma) is equal to 1: Sonic Flow

•When the Mach number (Ma) is less than 1: Subsonic Flow

•When the Mach number (Ma) is greater than 1: Supersonic Flow

•When the Mach number (Ma) is greater than 4: Hypersonic Flow 

When studying systems involving high-speed gas flows like rockets and 

spacecraft, the flow velocity is frequently described in terms of the Mach 

number.
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Steady versus Unsteady Flow

• The term  steady denotes the absence of temporal variation at a specific point. Its counterpart is 

unsteady. In the realm of fluid mechanics, "unsteady" is a broad term encompassing any flow that lacks 

steadiness; however, transient is more commonly used for flows in the process of development.

• The term  periodic is employed for describing a specific type of unsteady flow characterized by 

oscillations around a consistent average.

• Numerous machines such as turbines, compressors, boilers, condensers, and heat exchangers endure 

extended periods of operation under constant conditions, categorizing them as steady-flow devices.
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Uniform versus Nonuniform Flow

*Yunus A. Cengel, John M. Cimbala, Fluid Mechanics: Fundamentals and Applications, 4th edition (SI 

Unit). Mc Graw Hill. Published July 2, 2019.

The term  uniform  indicates a lack of spatial variation within a designated area.

Uniform flow signifies that all characteristics of the fluid, including velocity, pressure, temperature, and 

more, remain consistent across positions.

The flow immediately following the entrance of a smoothly contoured pipe is essentially uniform, with 

the exception of an exceedingly thin boundary layer near the surface.
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