BARC EM/EY 225 FLUID MECHANICS
IES Abroad Barcelona

[bookmark: DESCRIPTION:]DESCRIPTION:
This introductory course in Fluid Mechanics is designed for students of engineering who want to understand the behavior of fluids and the principles that govern their motion. The course starts with a qualitative description of fluid mechanics, introducing fundamental concepts like pressure, density, and viscosity, before moving on to more advanced topics like fluid flow, and boundary layers. Through analyzing simple everyday observation, the students will learn how to observe and analyze fluid behavior in real-world situations. Building on these observations, students will learn how to use scaling arguments to develop a quantitative understanding of fluid mechanics, which will lead to the development of a formal mathematical description. By the end of the course, students will have gained a deep understanding of fluid mechanics and the ability to apply this knowledge to practical engineering problems. They will be able to use mathematical models to predict fluid behavior, and analyze fluid-based systems, setting a solid foundation for their future studies in mechanical engineering, bioengineering…etc.

CREDITS: 3 credits

CONTACT HOURS: 45 hours.

LANGUAGE OF INSTRUCTION: English

PREREQUISITES: Physics (Mechanics). Mathematics (Calculus I and II).

ADDITIONAL COST: None

[bookmark: METHOD_OF_PRESENTATION:]METHOD OF PRESENTATION:
Lessons will be delivered to explain the theoretical concepts necessary for each module. These explanations will be supplemented with demonstrations of results using numerical simulations. After completing each module, students will engage in solving various problems and undertaking selected lab projects to reinforce the concepts learned. Additionally, homework assignments will be given to allow students to practice and apply the material covered in the course
[bookmark: REQUIRED_WORK_AND_FORM_OF_ASSESSMENT:]
REQUIRED WORK AND FORM OF ASSESSMENT:
· Final exam - 30%
· Midterm Exam - 30%
· Homework assignments - 30%
· Participation - 10%

[bookmark: Course_Components]Course Components
Lectures: 2 weekly sessions of 1.35 hours each where theory and practice will take place in each session. The instructor will present the theory and cover examples.
· [bookmark: _Hlk169002212]Final exam: The Final Exam will be comprehensive. It consists of a section to provide solution to exercises and multiple-choice questions.
· Midterm Exam:  It consists of worked-out exercises and multiple-choice questions.
· Homework Assignments: Referred to as problems in the syllabus. Different readings, problem solving and lab projects that will be proposed in the different sessions that will be assigned weekly. No late homework will be accepted. Each written assignment must include results and conclusions. Students are invited to work together on the assignments, but each student must complete and hand-on his/her own assignment.
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· Participation: This includes the student's interaction in the classroom, the ability to answer questions made by the instructor, and the general interest shown in the course.
[bookmark: LEARNING_OUTCOMES:]LEARNING OUTCOMES:
By the end of the course, students will be able to:
· Understand the fundamental concepts of fluid mechanics, including pressure, density, viscosity, and flow rate.
· Analyze fluid behavior under different conditions, including laminar and turbulent flow, boundary layers, and the effects of viscosity and turbulence.
· Use mathematical models to predict fluid behavior, including the Navier-Stokes equations and the Bernoulli equation.
· Analyze data to validate and improve fluid mechanics models.
· Understand the importance of fluid mechanics in practical engineering applications, including aerospace, civil, and mechanical engineering.
· Overall, the course aims to equip students with the knowledge and skills needed to apply fluid mechanics principles to solve real-world engineering problems.

[bookmark: ATTENDANCE_POLICY:]ATTENDANCE POLICY:
As a member of our class community, you are expected to be present and on time every day. Attending class has an impact on your learning and academic success. For this reason, attendance is required for all IES Barcelona classes, including course-related excursions. If a student misses more than three classes in any course without justification, 3 percentage points will be deducted from the final grade for every additional absence. Seven unjustified absences in any course will result in a failing grade. Absences will only be justified, and assessed work, including exams, tests and presentations rescheduled, in cases of documented medical or family emergencies.

[bookmark: CONTENT:]CONTENT:
	Week
	Content
	Assignments

	Week 1
	Introduction to Fluid Mechanics.

Session 1: The fluid as a continuum media: viscosity, density, velocity and internal energy. Session 2: Friction force and Newtonian fluids.
	Read chapters 1 and practical exercises of Franklin et al. “Fluid Mechanics” by Frank White
Problems Ch1 : 1,2,3,5,9,10,61,65,68

	Week 2
	Statics of Fluids

Session 3: Equilibrium equations and Hydrostatics
Capillarity. Wetting and de-wetting process. Session 4: Force and moments of submerged bodies. Stability.
	Read chapters 1 and 2 and practical exercises of Franklin et al. “Fluid Mechanics” by Frank White. Problems Ch1: 41,45,54
Problems Ch2: 28, 11,14,31, 62,63,64,121

	Week 3
	Flow kinematics (I)

Session 5: Refresh of concepts of vectorial calculus.
Eulerian and Lagrangian descriptions. Session 6: Uniform flow. Steady flow. Stagnation points. Trajectories: stream lines
	Read chapters 4 and practical exercises of Franklin et al. “Fluid Mechanics” by Frank White
P4.1, 4.2



	Week
	Content
	Assignments

	Week 4
	Flow kinematics (II)

Session 7: Material derivative. Circulation and vorticity
Session 8: Potential flow and Stream function. Convective flow, Reynolds transport.
	Read chapters 6 and practical exercises of “Fluid Mechanics” by Frank White

	Week 5
	Conservation Laws (I)

Session 9: Continuity equations. Volumetric and surface force. Stress tensor.
Session 10: Momentum in integral form. Examples.
	
Read chapters 3 and practical exercises of. “Fluid Mechanics” by Frank White.
Problems: 10,12,23,33,34,35
Problems: 39,46,49,55,57,64,82

	Week 6
	Conservation Laws (II)

Session 11: Angular momentum in integral form. Examples.
Session 12: Energy: -Bernoulli’s eq.
Analysis of different situations with engineering applications.
	
Read chapters 3 and practical exercises of. “Fluid Mechanics” by Frank White.
Problems: 115,118,117,120,123,128,136,183
Problems: 149,153,155,162
Review exercises

	Week 7
	Session 13: MIDTERM EXAM

Conservation equation in differential form (df): Navier-Stokes equations (N-S eq.) (I)

Session 14: Continuity equation in df Momentum and angular momentum df. Initial and boundary conditions.
	
Read chapters 4 and practical exercises of “Fluid Mechanics” by Frank White.
Analyze and discuss the Ex: 4.5, 4.6, 4.7
Problems: 1,2,8,9,17,19

	Week 8
	Conservation equation in differential form (II):

Session 15: Analysis for simplified forms of N-S eq.
Session 16: Energetics: Internal energy, kinetic energy, enthalpy and entropy.
	Read chapters 4 and practical exercises of “Fluid Mechanics” by Frank White.
Analyze and discuss the Ex: 10,11 Problems: 26,35,36

	Week 9
	Conservation equation in differential form (III): Session 17&18: Analysis of different situations with engineering applications.
	Read chapters 4 and practical exercises of “Fluid Mechanics” by Frank White.
Problems: 4.80-4.88, 4.94,4.95



	Week
	Content
	Assignments

	Week 10
	Dimensional Analysis

Session 19: Dimensional Homogeneity. The Pi theorem.
Session 20: Non-dimensionalization of equations. Modeling and Similarity examples
	Read chapters 5 and practical exercises of “Fluid Mechanics” by Frank White.
Analyze and discuss the Ex: 5.3, 5.5, 5.10
Problems: 10,12,14,16,17,44,45,50,51

	Week 11
	Viscous flows (I)
Session 21: Flows in channels and pipes – Laminar and turbulent flows. Viscosity measurements.
Session 22: Transitions effects in pipes and channels.
Hydrodynamic Lubrication approximation.
	Read chapters 6 and practical exercises of “Fluid Mechanics” by Frank White.
Problems: 1,5,6,8,19,26,28,99,101,102,103,109,
142,144,149,151,156

	Week 12
	Viscous flows (II)
Session 23: Flow immersed bodies. Stokes problem.
Session 24: Drag and Lift. planes.
	Read chapters 7 and practical exercises of “Fluid Mechanics” by Frank White.

P7.23, P 7.24, P 7.32, P 7.69, P 7.89, P 7.94, P
7.101, P 7.108, P 7.111

	Week 13
	Engineering Applications

Session 25&26: Turbo-machinery: Elementary pumps and turbines theory
	Read chapters 11 and practical exercises of “Fluid Mechanics” by Frank White.

P 11.15 - P 11.18
P 11.84 – P 11.88
P 11. 100 – P 11. 103

	Week 14
	
Session 27: Exercises and practice cases chapter 11.
Session 28: General Review. Preparation for the FINAL EXAM
	

	Week 15
	
Session 29&30: FINAL EXAM
	



[bookmark: REQUIRED_READINGS:]REQUIRED READINGS:
· Fluid Mechanics – Franck White, 8th edition - Mc Graw Hill.

[bookmark: RECOMMENDED_READINGS:]RECOMMENDED READINGS:
· Physical Hydrodynamics - Etiene Guyon et al. - Oxford Academics.
· Physics of Continuous Matter – B. Lautrup – CRC Press.
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