
 
 

 

 

 

 

                       
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Notes on the course  
 

Fluid Mechanics (3) - MEP 303A 
 

For THRID YEAR MECHANICS (POWER) 
 

  Part (1) 
 

Integral & Differential Equations of Fluid Flow 
--------------------------------------------- 

Compiled and Edited by 
 
 

Dr. Mohsen Soliman 

 

2017/2018 
 
                                

 كلية الھندسة- جامعة القاھرة 

 قسم ھندسة القوى الميكانيكية
 معمل التحكم ا�وتوماتيكى



 

MEP 303-A  Part-1                                                   -2 /54 -                                     Dr. Mohsen Soliman 

MEP 303A - Fluid Dynamics (3) 
 

By Dr. Mohsen soliman 
 

 

Course Specifications 

A- Basic Information 
 

Title: Fluid Dynamics (3)   Code: 303A  

Credit Hours: 4 hrs  
Lecture: 3 hrs/wk,         Tutorial: 2 hrs/wk,           Practices:--,       Total: 5 hrs/wk   

B- Professional Information 
 

1- Overall Aims of  Course 
This course builds upon the 2

nd
 year basic material in “Fluid Mechanics” but is more applied in 

nature. The course deals with different types of fluid flow problems from the differential control 

volume analysis point of view. The course examines various types of flows such as internal viscous 

flow, frictionless flow and boundary layer flow. 
 

2- Intended Learning Outcomes of Course (ILOs) 
 

a- Knowledge and Understanding 
a1- Introducing Governing conservation equations (mass & linear momentum) for a differential 

control volume. 

a2- Examining physical meaning and weight of terms in the above equations. 

a3- Evaluating the role of viscous effects in different fluid flows. 

a4- Introducing the concept of frictionless flow. 

a5- Examining the differential equations of the boundary layer flow. 
 

b- Intellectual Skills: 
b1- Analysis: Selecting the differential equations in various coordinate-systems   (cartisine, 

cylindrical and spherical forms) suitable for the flow examined. 

b2- Creative thinking: Introducing the concepts of superposition, images and conformal-mapping 

of elementary  plane flows in studying frictionless flow to simulate some practical engineering 

problems. 

b3- Problem Solving: Introducing concept of solution batching to link  frictionless flow region to 

boundary layer viscous flow region in the real flow field problems. 
 

c- Professional and Practical Skills: 
c1- Applying fluid dynamics to deal with some important engineering problems such as 

lubrication in bearings, drag and lift on immersed bodies or airfoil shapes. 

c2- Drawing: Sketching and presenting some flow patterns (stream and potential lines) around 

immersed bodies or airfoil shapes. 

c3- Computing: Introducing different types of numerical solution techniques to solve differential 

equations such as using stream function method for frictionless flow and Blasius Solution for the 

boundary layer flow analysis. 
 

d-General and Transferable Skills 
 d1- Engineering design: Building ability to identify practical problems and select between  

differential or integral control volume analysis to solve them. 

d2- Building ability to compare between analytical or numerical methods. 

d3- Use of technological tool: (e.g., the Internet) to prepare Report assignments.  

d4- Practicing using numerical solution tables (e.g., Blasius Solution Table). 

d5- Working in group. 
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3- Contents 
  

Topic No. of hrs Lecture Tutorial 

Chapter 1: Differential equation of mass conservation 4 2 2  
Driving Navier-Stokes equations (linear momentum) for 

Newtonian fluids, angular momentum and energy eqns. 
6 4 2  

Viscous flow in pipes and ducts 4 2 2  
Flow between parallel plates with pressure gradients 6 4 2  
Chapter 2: Differential equations for frictionless flow 

(Euler’s eqns.) 
4 2 2 

Stream and potential functions, vorticity, irrotationality, 

elementary plane-flow solutions.   
6 4 2 

Superposition of plane-flows and Images 4 2 2 
Plane flows past closed body shapes, axi-symmetric 

flows 
6 4 2 

Lift & drag on submerged bodies in ideal flow,  airfoil 

theory 
4 2 2 

Chapter 3: Introduction to Boundary Layer flows, the 

differential equations, Exact equations for 2-D flow 
6 4 2 

Blasius exact solution for laminar flow, the Momentum 

Integral equations      
4 2 2 

Approximate solutions for 2-D laminar and turbulent 

boundary layers 
6 4 2 

Thermal Boundary Layer over a flat plate 4 2 2 
Revision of the course to confirm the objectives 6 4 2 
Time for Preparing for the term exam 5 3 2 

Total teaching hours in 15 weeks (+ 1 office hr/wk) 75 45 30 
 

 

4- Teaching and Learning Methods 
 

   4.1- Lectures and problem solving in tutorial classes. 

   4.2- Information collection from text material, class notes and the Internet sites. 

   4.3- Report and research assignments. Three assignment Sheets (1, 2 and 3) 

   4.4-Group discussions in lectures and tutorial classes. 

   4.5- Hand-outs materials. 

 

5- Student Assessment Methods 
 

5.1-Test (1) & Report (1) to assess understanding Chapter (1) and solving Sheet #1 

   5.2-Test (2) & Report (2) to assess understanding Chapter (2) and solving Sheet #2  

   5.3-Mid-term exam to assess understanding Chapters (1-3) and solving Sheets #1-3 

   5.4- Final Term Exam to assess  gains of all completed topics. 
 

Assessment Schedule 
 

   Test (1) & Report (1)   End of Week  4 

   Test (2) & Report (2)   End of Week  9 

   Mid-term Exam   End of Week  11 

   Final Term Exam  End of Term 
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Weighting of Assessments 

Tests 1, 2, assignments & class performance 10 % 

Reports 1, 2       10 % 

Mid-term Exam     20 % 

Final-term Examination          60 %           

              Total                                100 % 

6- List of References 

6.1- Course Notes: Compiled Notes corresponding to different course sections 

6.2- Essential Books (Text Books): 

B.R. Munson, D. F. Young, and T. H. Okishi, “Fundamentals of Fluid Mechanics”,  

John Wiley & Sons, Inc., New York, 4th Edition (2002). 

6.3- Recommended Books: 
Frank M. White “Fluid Mechanics”, 2

nd
 ed., McGraw Hill, 1986. 

R.W.Fox & A.T.McDonald “Introd. to Fluid Mechanics”, 3
rd

 ed., John Wiley &   Sons, 

1989 

6.4- Hand-outs and Web Sites information,… etc 

 

7- Facilities Required for Teaching and Learning 
  Data Show, Screen, new reference in library 

  Enhancing the ability to think for students in Engineering Schools 

  

Course Coordinator:   Ass. Prof. Mohsen S. Mohamed 

 Date:  20/9/2017   

  

  



 

MEP 303-A  Part-1                                                   -5 /54 -                                     Dr. Mohsen Soliman 

Table of Contents of Part (1) 
 

Sec.   page 

1.0  Introduction 6 

    

1.1  Fluid Element Kinematics 8 

 1.1.1 Velocity and Acceleration Fields Revisited 8 

 1.1.2 Linear Motion and Deformation 9 

 1.1.3 Angular Motion and Deformation 11 

    

1.2  Conservation of Mass 14 

 1.2.1 Differential Form of Continuity Equation 14 

 1.2.2 Cylindrical Polar Coordinates 18 

 1.2.3 The Stream Function 19 

    

1.3  Conservation of Linear Momentum 22 

 1.3.1 Description of Forces Acting on Differential Element 23 

 1.3.2 Equations of Motion 25 

    

1.4  Inviscid Flow 26 

 1.4.1 Euler’s Equations of Motion 27 

 1.4.2 The Bernoulli Equation 27 

    

  (sections 1.5 – 1.7 are omitted)   

1.8  Viscous Flow 29 

 1.8.1 Stress Deformation Relationships 29 

 1.8.2 The Navier-Stokes Equations 30 

    

1.9    

 1.9.1 The Differential Equation of Angular Momentum 34 

 1.9.2 The Differential Equation of Energy 35 

 1.9.4 Boundary Conditions for the Basic Differential Equations 37 

 1.9.5 
Summary of Equations of Motion and Energy in Cylindrical 

Coordinates 
41 

    

1.10  Other Aspects of Differential Analysis 42 

 1.10.1 Numerical Methods 43 

    

  1
st
 Fluid Report 47 

    

  Word Problems 48 

  Other Problems 48 
 



 

MEP 303-A  Part-1                                                   -6 /54 -                                     Dr. Mohsen Soliman 

Part (1)* 
 

Differential Conservation Equations of Fluid Flow 
 

 

Introduction:  
 

We start our study in this part by answering the next few questions: 
 

A) What is “Fluid Mechanics”? 

� The science of “Fluid Mechanics” is a sub-part of the large field of Applied Mechanics (which 

include Solid Mechanics, Fluid Mechanics, and Quantum Mechanics).  

� Fluid Mechanics is concerned with the behavior of fluids at rest (i.e., Fluid Static’s) or fluids in 

motion (i.e., Fluid Dynamic’s).  

� Fluids include liquids, gases, vapors or any mixture of them (i.e., multi-phase flow). 

� Liquids with suspended solids or moving solid particles pneumatically (i.e., by using compressed 

air) are special cases and may also be studied in Fluid Mechanics.  
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

B) Why do we study “Fluid Mechanics”? 

� We study Fluid Mechanics in order to do an analysis for an existing open/close system or to do a 

design for a new system which include fluids as the working medium through it. There are very 

large numbers of applications of systems having fluids in them. 

� The analysis or design includes a comprehensive understanding of the behavior or performance of 

any system or machine which uses fluids. 

� This analysis or design includes calculating some/all of the flow properties such as velocity and 

pressure and also finding the effects and interactions between fluids and their surrounding 

boundaries (which may be either solid surfaces or other fluids). 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

C) How do we study “Fluid Mechanics”? 

� We study Fluid Mechanics theoretically by analytical/computational methods, or by experimental 

or dimensionless grouping methods, or by combination of these methods. Other methods such as 

flow visualization are also used with the above methods. 

� In the theoretical analysis method we need to have a comprehensive understanding of all of the 

different conservation equations governing Fluid Mechanics. 

� These conservation equations are: conservation of mass, conservation of linear and angular 

momentum, and conservation of energy. 

� The theoretical approach is very difficult and is only limited to some few idealized cases 

especially if the effect of viscosity is involved in the analysis. 

� Computational fluid mechanics is to solve the conservation equations by a computer at some 

number of nodes (specific points in the flow field). This is also limited to by the need of huge 

memory and computation times and the use of many idealization assumptions, modeling 

techniques, and also many correction factors and constants throughout the computations. 

� Experimental analysis studies do not do any idealization/assumptions and do not need a deep 

understanding of all of the exact equations of the problems under investigation. 

� Experimental work requires great deal of money/time, its results are limited to few measuring 

points or practical cases/conditions similar to those tested in the experiments. 

� Dimensionless analysis is a must for experimental work to save time/efforts and experiments by 

focusing on main important factors affecting the problem under consideration. Dimensional 

analysis makes the results as widely applicable as possible. 

 

* Ref.:(1) Bruce R. Munson, Donald F. Young, Theodore H. Okiishi “Fundamental of Fluid Mechanics” 4
th
 ed., 

John Wiley & Sons, Inc., 2002. 

(2) Frank M. White “Fluid Mechanics”, 4
th
 ed. McGraw Hill, 2002. 
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D) What is the difference between “Integral Analysis” and “Differential analysis”? 
 

(1) Integral Analysis: 
� This approach is very practical and useful in solving many practical fluid problems. 

� Integral analysis uses a finite large fluid control volume (such as the whole section of fluid in a 

pipe or the whole fluid through the internal parts of a pump or a turbine). 

� We find the integral forms of all the conservation equations governing the fluid flow through this 

finite control volume (we do not write equations for the solid boundaries). 

� The equations are solved by integration within and along all the surfaces of this control volume. 

Some average/constant flow properties are usually assumed at the control surfaces which makes 

doing the integration a simple task.      

� Integral analysis does not require detailed information of the variations of the flow properties (i.e., 

pressure, velocity, and temperature) within the control volume. 

� The results of integral analysis do not give any exact or detailed equations for the flow properties 

within every point in the flow field. We find only the average properties or conditions on the 

surfaces of the finite control volume. We find also the forces and interaction between that control 

fluid volume and its surroundings.   
--------------------------------------------------------------------------------------------------------------- 

 

(2) Differential Analysis: 
 

� This approach is used if we need to get all the flow details or general relationships that apply at a 

point or at a very small region (i.e., infinitesimal volume) in the flow field. Typical examples are 

pressure and shear stress distributions along the wing of a plane.  

� In differential analysis, we apply the conservation equations to an infinitesimally small control 

volume or, alternately, to an infinitesimal fluid open/closed system. 

� The resulting equations yield the basic differential equations of fluid motion. These equations are 

non-linear, partial differential, 2
nd

 order equations. They are to be solved using appropriate known 

flow boundary conditions at some points in the flow field. 

� The analytical solutions of these differential equations give very detailed information about the 

flow field at each point. This information is, however, not easily extracted.    

� The differential equations of motion are, however, quite difficult to solve, and very little is known 

about their general mathematical properties. We can solve them analytically only in some few 

ideal cases and for very simple geometries.  

� When analytical solution is not possible, the partial differential equations are solved on a 

computer using the various techniques of Computational Fluid Dynamics (CFD). 

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

 In this chapter, we will provide an introduction to the differential equations that describe 

(in detail) the motion of fluids. Differential analysis provides a fundamental basis for the study of 

fluid mechanics. Unfortunately, we will also find that these equations are rather complicated, partial 

differential equations that cannot be solved exactly except in a few cases, at least without making 

some simplifying assumptions. There are some exact solutions for laminar flow that can be obtained, 

and these have proved to be very useful. In addition by making some simplifying assumptions, many 

other analytical solutions can be obtained. For example, in some cases, it may be reasonable to 

assume that the effect of viscosity is small and can be neglected. This rather drastic assumption 

greatly simplifies the analysis and provides the opportunity to obtain detailed solutions to a variety 

of complex flow problems. Some examples of these so-called inviscid flow solutions are also 

described in this chapter. 
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Example 1.2e: 
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Note (1): The Differential continuity equation is the same for both viscous or inviscid flow 

(why?).  
 

Note (2): Up to this point, we did not define the shear stress tensor 

momentum equations (1.50)
 

We can have two cases:  
 

Case one: 

We define (as in Part (3) of this course) the tensor 

flows for which there is no effect of any shear stress in the flow field. In this case all the terms of  

σij are neglected in the equations of motion.
 

Case two: 

We define σij for real viscous flows for which the shear stress is function of the fluid viscosity and 

the effect of shear stress in the flow field is dominant and hence can not be neglected in the 

equations of motion. In Part (2) of this course, w

equations of motions for some real viscous flows. 

Case one: ( this case is discussed in details
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): The Differential continuity equation is the same for both viscous or inviscid flow 

Up to this point, we did not define the shear stress tensor 

(1.50).  

We define (as in Part (3) of this course) the tensor σij = zero for inviscid or ideal or frictionless 

flows for which there is no effect of any shear stress in the flow field. In this case all the terms of  

are neglected in the equations of motion. 

for real viscous flows for which the shear stress is function of the fluid viscosity and 

the effect of shear stress in the flow field is dominant and hence can not be neglected in the 

equations of motion. In Part (2) of this course, we study few applications for which we solve the 

equations of motions for some real viscous flows.  
 

( this case is discussed in details with examples
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): The Differential continuity equation is the same for both viscous or inviscid flow 

Up to this point, we did not define the shear stress tensor σij in the above linear 

= zero for inviscid or ideal or frictionless 

flows for which there is no effect of any shear stress in the flow field. In this case all the terms of  

for real viscous flows for which the shear stress is function of the fluid viscosity and 

the effect of shear stress in the flow field is dominant and hence can not be neglected in the 

e study few applications for which we solve the 

with examples in Part 3 ) 
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Case Two
(in Part 2, we have examples on analysis of viscous flow)
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Case Two: this case is discussed in details here

(in Part 2, we have examples on analysis of viscous flow)
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case is discussed in details here 

(in Part 2, we have examples on analysis of viscous flow) 
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1.9.1  The Differential Equation of Angular Momentum:
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                -34 /54 -                                     

The Differential Equation of Angular Momentum: 

                                  Dr. Mohsen Soliman 



 

MEP 303-A  Part-1                                  

1.9.2 The Differential Equation of Energy:
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1.9.4 Boundary Conditions for the Basic Differential Equations: 
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Simplified Free Surface Conditions: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Incompressible flow with constant properties:  
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Frictionless Flow Approximation: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 1.5 on Solving the Energy Equation Analytically: 
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1.9.5 Summary of the equations of motion
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1
St

 Fluid Report 

 
 

 

  ).صفر ولن تقُبلالتقارير وا-جابات المنقولة أو المصورة درجتھا ستكون (عن ا�سئلة التالية   -1

 .صفحة مستقلة و6 تزيد عن صفحة واحدةإجابة كل سؤال تكون على  -2
  ).السيارات ميكانيكا مبنىفي محسن سليمان . مكتب د( 12الساعة  في المحاضرة أو حتى تقديم التقارير -3

 

1- Engineering students may study Fluid Mechanics for many different reasons. Discuss 

two different reasons for studying Fluid Mechanics in Mechanical Power Engineering. 
 

2- We can study Fluid Mechanics using (a) Differential method; or (b) Integral method; or 

(c) Dimensional analysis with some experimental work. 

    Explain very briefly those methods showing the main differences between them 

regarding the reason for and the output result of each method. Give an example for each 

method. 
 

3- What is the viscosity of a fluid?  Why viscosity is important in some flows and is not 

important in other flows (give some examples for each case)? Discuss how is Reynolds 

Number a measure to if viscous effects are important or not in any flow? Give some 

examples to support your discussion. 
 

4- Define both the No-slip condition and the stream-line in a flow? What is the difference 

between Newtonian fluids and Non-newtonian fluids? Give some examples for each 

type. 
 

5- What do you know about the conservation equations in Fluid Mechanics? Stat three 

main conservation equations of Fluid Mechanics. 

 
 
 

6- Correct each of the following statement: 

 
   

 

a- By solving the conservation equations in the integral form for a an integral control 

volume, we can get exact and very detailed equations for velocity and pressure in the 

flow field. 
 

 

b- The partial differential momentum equations for a fluid particle are 1
st
 order and 

linear equations and therefore are easy to be solved for any geometric flow field or by 

using a small computer. 
 

 

c- Navier-Stoke’s equations represent the conservation of energy for a fluid particle in a 

nonviscous (frictionless) flow and can be used for Newtonian fluids only. 
 

 

d- Euler’s equations represent the linear momentum conservation equations for a laminar 

flow where the no-slip condition must be valied far from the wall. 
 

 

e- Euler’s equations can not be solved anywhere in a real viscous flow in a pipe 

especially at the wall of the pipe or at the center-line where internal friction is 

negligible. 
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Problems: 

 

 

 

 

 

 

 

 

 

 

  

i) 

ii) 

iii) 
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