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INTRODUCTION TO FLUID MECHANICS 

 (3 Credits)
Fluids (liquids, gases, or mixtures of both) are omnipresent. We breathe fluids; fluids run through our veins; we drink fluids; and we swim in fluids – just to mention a few activities. Fluids are present in a large number of mechanical engineering applications. As air flows aerodynamically around a car moving on the highway, oil will be working hard inside the engine to lubricate the various mechanical components, while water will be flowing in the cooling conduits to maintain the engine temperature at a safe level.

It is important for us to understand the role of fluids in mechanical systems, and be able to analyze quantitatively simple systems. After all, we want to know the type of oil to use for a given engine – for example; the wing span for an airplane to carry a certain load safely; or the horsepower of an onboard motor to propel a boat at a certain speed. 

This first course in fluid mechanics will help introduce the concepts and principles needed to analyze fluid systems and how to apply them to simplified engineering examples. We already know the underlying fundamentals: they are the universal principles of conservation of mass, momentum, and energy. We know how to apply them to solid systems. Here we will learn to apply them to flowing and quiescent fluids. 

So, this course will present the three conservation principles in formats that are appropriate to apply to fluid. The course will emphasize the techniques for formulating and solving problems in both integral and differential forms. The importance of dimensional analysis will be stressed. The ubiquitous pipe and duct flows will be studied in detail. The course will provide a brief introduction to boundary layer flows. Prerequisite: Thermodynamics I, Prerequisites by Topic: Elementary calculus, basic thermodynamics. 

Textbook:
 “Fluid Mechanics” by Frank M. White, 7th edition 2011, McGraw-Hill
References:
·  “Fluid Flow. A First Course in Fluid Mechanics,” by Sabersky and Acosta, Macmillan, 1967

·  “Schaum’s Outline in Fluid Dynamics,” by Hughes and Brighton, 3rd Ed., McGraw-Hill, 1999
·  “An Introduction to Fluid Mechanics,” by Batchelor, GK, Cambridge, 1973

·  “Fundamental Mechanics of Fluids”, by IG. Currie, 2nd Ed., McGraw-Hill, 1993
·  www.efluids.com
Instructor: 

Prof. Ghanem.F. Oweis 
Office location: RGB 407. Phone 3596
goweis@aub.edu.lb 
Office hours:            Mon, Tue, Wed 11:00 am – 11:30 pm

And by appointment
Graduate Assistant:  TBA
Meeting place & Time: 
Bechtel 405 TUE & THU Section1: 08:00-9:20 a.m & Section 2: 9:30-10:50 a.m.
Possible Wind Tunnel Labs in the new SRB building (TBA)

Topics 
1. Introductory concepts related to fluids and their properties. Basic flow-analysis techniques. History and scope of fluid mechanics. Drops and bubbles.
2. Fluid statics. Hydrostatic pressure distribution. Hydrostatic force analysis. Buoyancy and stability. Rigid body acceleration and rotation.
3. Integral form (control volume analysis) of the conservation laws for mass, momentum and energy. Bernoulli’s equation.

4. Differential form of the conservation laws for mass, momentum and energy. Boundary conditions for the basic equations. The stream function.
5. Dimensional analysis and similarity. Scaling.

6. Internal flows: viscous flow in pipes and ducts (laminar and turbulent).

7. Introduction to boundary layers. External flows; flow over a flat plate. 

Objectives: 
1. To introduce the students to the basic analysis of fluid statics, and hydrostatic forces on structures.
2. To help students develop a physical feel for the phenomena of fluid motion. 

3. To present the basic conservation laws that govern fluid behavior and impress on students that fluid mechanics problems are solved by application of these fundamental laws. 

4. To present the conservation laws in a format applicable for macroscopic control volumes with fluid inlets and outlets. 

5. To emphasize the differential and finite control volume approaches in fluid problems, and their use.

6. To introduce the concept of “similarity” and “scaling” in fluid mechanics and its engineering simplicity and usefulness.

7. To familiarize the students with the sensitivity of fluid flow behavior to the underlying geometrical and driving conditions, and to emphasize the distinction that flows which may seem similar can behave very differently based on the “flow regime” they fall under, and can have serious engineering consequences.
8. To illustrate the wide variety of fluid-related phenomena in everyday life and in modern technology.
Course Outcomes

· You will be able to apply the concept of surface tension to quantify pressures and forces in drops, bubbles, and simple osmotic fluids.

· You will appreciate the concept of pressure in a moving or quiescent fluid, and the pressure on a surface. You will be able to compute the hydrostatic forces on immersed bodies and surfaces.

· You will learn to compute the pressure distributions in fluids undergoing rigid body motion.

· Students will know how to choose control volumes CV to analyze flow systems, and to apply the conservation of mass, momentum, and energy to these CV’s.

· Students will learn to formulate the differential equations for simple fluid problems, and specify the correct boundary conditions. They will be able to derive the Navier-Stokes equation from basic principles, and to identify the meanings of the different terms in the equation.
· You shall learn to use dimensional analysis and scaling for complex fluid flows.

· You shall gain the knowledge to compute the power requirements needed to push a given flow rate of fluid in a piping system. You will know how to compute pressure drops across pipes and ducts. You will learn the difference between laminar and turbulent internal flows.

· You will learn the concept and importance of boundary layers in external flows.
Notes

· One or two laboratory sessions during the semester (1-2 hours each) will be given in the Wind Tunnel Lab – SRB building. 
· Please! No late homeworks 

· Resources for the course include but are not limited to class notes, library course file, lab sessions, the online Moodle course site, and take-home experiments.
Grading: 
Exam 1:
  20 %
Sat
Exam 2:
  20 %
Sat
Final exam:
  40 %  
TBA
Attendance:
  05 %
HW’s/ Pop quizzes/ 
& Mini Project(s): 
        15 % 

----------------------------------------

University Regulations w/r to attendance will be implemented. Each missed class will result in the deduction of 1 point from the attendance grade.
LAST DAY TO WITHDRAW FROM CLASSES Friday 04/27/2012
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My Schedule

		

		Mon		2/11/08		11-Feb		units, solid-liquid concept, continuums, velocity field, lagrangian and eulerian descriptions, surface tension 1, survey, Intro		Intro on course structure (tools, hammer, example). Assignment: write about three observations / wonders/ dilemmas/ questions involving fluids

		Wed		2/13/08		14-Feb		Forces 1: surface tension 2, shear force (Couette flow), pressure forces, body forces		holiday

		Fri		2/15/08		16-Feb		Forces 2, forces on a small element		HW1 out

				2/17/08		19-Feb		Static Pressure and manometry, multi-liquid manometers, inclined manometers

				2/19/08		21-Feb		Static pressure on inclined surfaces

				2/21/08		23-Feb		Static pressure on curved surfaces		HW2 out

				2/23/08		26-Feb		Static pressure distribution in fluids moving like rigid bodies 1 - Linear

				2/25/08		28-Feb		Static pressure distribution in fluids moving like rigid bodies 2 - rotatintg

				2/27/08		2-Mar		Static presure on structures from multi-fluids, Buoyancy and Stability		HW2 out

				2/29/08		5-Mar		Solving Session

				3/2/08		7-Mar		Control volume analysis, systems, conservation of mass, momentum, energy, RTT

				3/4/08		9-Mar		Fixed control volume		HW2 out

				3/6/08		12-Mar		CV moving at constant speed

				3/8/08		14-Mar		Solving Session

				3/10/08		16-Mar		Solving Session		QUIZ 1 -  11:30am - 2:30 pm

						19-Mar		Solving Session

						21-Mar		Deforming and accelerating CV

						23-Mar		CV

						26-Mar		CV

						28-Mar		CV

						30-Mar		CV Energy		Give substitute lecture for April 2nd

						2-Apr		Differential Equations - Derivation of Mass conservation		Give substitute lecture on March 30- Cancel Lecture

						4-Apr		Easter

						6-Apr		Easter

						9-Apr		Easter

						11-Apr		Diffrential Equations - Derivation of momentum conservation

						13-Apr		Diffrential Equations - Derivation of momentum conservation

						16-Apr		Boundary Conditions

						18-Apr		Vorticity, rotationality

						20-Apr		Bernoulli

						23-Apr		Examples

						2-Apr		Examples

						27-Apr		Dimensional analysis

						30-Apr		Dimensional analysis

						2-May		Dimensional analysis

						4-May		Dimensional analysis

						7-May		Pipe flow

						9-May		Pipe flow

						11-May		Pipe flow		QUIZ 2 -  11:30am - 2:30 pm

						14-May		Pipe flow

						16-May		Pipe flow

						18-May		Pipe flow

						21-May		Pipe flow

						23-May		Boundary layers

						25-May		Boundary layers

						28-May		Boundary layers

						30-May		Boundary layers

						1-Jun

						4-Jun

						6-Jun

						8-Jun

						11-Jun

						13-Jun

						15-Jun

						18-Jun

						20-Jun

						22-Jun

						25-Jun

						27-Jun

						29-Jun





Weekly Scedule to class

		

		12-Feb		Course Introduction, fluids and solids, continuum, units and dimensions,		Assignement for Friday

				Forces(1) on a fluid: line, surface, and body forces		Hand out HW 1

		19-Feb		Forces (2), Static Pressure and manometry, multi-liquid manometers, inclined manometers

				Static pressure on inclined surfaces

				Static pressure on curved surfaces

		26-Feb		Static pressure distribution in fluids moving like rigid bodies 1 - Linear

				Static pressure distribution in fluids moving like rigid bodies 2 - rotatintg

				Static presure on structures from multi-fluids, Buoyancy and Stability

		5-Mar		Hydro static pressure, continued

				Control volume CV analysis, systems, conservation of mass, momentum, energy, RTT

				Fixed CV

		12-Mar		CV -2D inlet outlet, mass and momentum

				CV -2D inlet outlet, mass and momentum

				CV moving at constant speed, mass and momentum		QUIZ 1 -  11:00am - 3:00 pm

		19-Mar		Solving Session

				Deforming and accelerating CV

				CV Energy

		26-Mar		CV Combined Energy, mass, and Momentum

		28-Mar		Bernoulli

		30-Mar		Bernoulli

		2-Apr		Differential Equations - Derivation of Mass conservation

		4-Apr

		6-Apr

		9-Apr

		11-Apr		Diffrential Equations - Derivation of momentum conservation

		13-Apr		Diffrential Equations - Derivation of momentum conservation

		16-Apr		Boundary Conditions

		18-Apr		Vorticity, rotationality

		20-Apr		Examples

		23-Apr		Examples

		2-Apr		Dimensional analysis

		27-Apr		Dimensional analysis

		30-Apr		Dimensional analysis

		2-May		Dimensional analysis

		4-May		Dimensional analysis

		7-May		Pipe flow

		9-May		Pipe flow

		11-May		Pipe flow		QUIZ 2 -  11:00am - 3:00 pm

		14-May		Pipe flow

		16-May		Pipe flow

		18-May		Pipe flow

		21-May		Pipe flow

		23-May		Boundary layers

		25-May		Boundary layers

		28-May		Boundary layers

		30-May		Boundary layers

		1-Jun

		4-Jun

		6-Jun

		8-Jun

		11-Jun

		13-Jun

		15-Jun

		18-Jun

		20-Jun

		22-Jun

		25-Jun

		27-Jun

		29-Jun
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