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MRCET VISION 

• To become a model institution in the fields of Engineering, Technology and Management.  

• To have a perfect synchronization of the ideologies of MRCET with challenging demands of 

International Pioneering Organizations. 

MRCET MISSION 

To establish a pedestal for the integral innovation, team spirit, originality and competence in 

the students, expose them to face the global challenges and become pioneers of Indian vision 

of modern society. 

MRCET QUALITY POLICY. 

• To pursue continual improvement of teaching learning process of Undergraduate and Post 

Graduate programs in Engineering & Management vigorously. 

• To provide state of art infrastructure and expertise to impart the quality education.  
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PROGRAM OUTCOMES 
(PO’s) 

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3. Design / development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

modern engineering and IT tools including prediction and modeling to complex 

engineering activities with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and 

need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give 

and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member 

and leader in a team, to manage projects and in multi disciplinary environments. 

12. Life- long learning: Recognize the need for, and have the preparation and ability to     

engage in independent and life-long learning in the broadest context of technological 

change. 
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DEPARTMENT OF AERONAUTICAL ENGINEERING 

VISION 

Department of Aeronautical Engineering aims to be indispensable source in Aeronautical 

Engineering which has a zeal to provide the value driven platform for the students to acquire 

knowledge and empower themselves to shoulder higher responsibility in building a strong 

nation. 

MISSION 

The primary mission of the department is to promote engineering education and research. To 

strive consistently to provide quality education, keeping in pace with time and technology.  

Department passions to integrate the intellectual, spiritual, ethical and social development of 

the students for shaping them into dynamic engineers. 

 

QUALITY POLICY STATEMENT 

Impart up-to-date knowledge to the students in Aeronautical area to make them quality 

engineers. Make the students experience the applications on quality equipment and tools. 

Provide systems, resources and training opportunities to achieve continuous improvement. 

Maintain global standards in education, training and services. 
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PROGRAM EDUCATIONAL OBJECTIVES – Aeronautical 

Engineering 

1. PEO1 (PROFESSIONALISM & CITIZENSHIP): To create and sustain a community of 

learning in which students acquire knowledge and learn to apply it professionally with due 

consideration for ethical, ecological and economic issues. 

2. PEO2 (TECHNICAL ACCOMPLISHMENTS): To provide knowledge based services to 

satisfy the needs of society and the industry by providing hands on experience in various 

technologies in core field. 

3. PEO3 (INVENTION, INNOVATION AND CREATIVITY): To make the students to 

design, experiment, analyze, and interpret in the core field with the help of other multi 

disciplinary concepts wherever applicable. 

4. PEO4 (PROFESSIONAL DEVELOPMENT): To educate the students to disseminate 

research findings with good soft skills and become a successful entrepreneur. 

5. PEO5 (HUMAN RESOURCE DEVELOPMENT): To graduate the students in building 

national capabilities in technology, education and research 

 

PROGRAM SPECIFIC OUTCOMES – Aeronautical Engineering 

1. To mould students to become a professional with all necessary skills, personality and sound 

knowledge in basic and advance technological areas. 

2. To promote understanding of concepts and develop ability in design manufacture and 

maintenance of aircraft, aerospace vehicles and associated equipment and develop application 

capability of the concepts sciences to engineering design and processes. 

3. Understanding the current scenario in the field of aeronautics and acquire ability to apply 

knowledge of engineering, science and mathematics to design and conduct experiments in the 

field of Aeronautical Engineering. 

4. To develop leadership skills in our students necessary to shape the social, intellectual, business 

and technical worlds. 

  



AERONAUTICAL ENGINEERING – MRCET (UGC – Autonomous) 

 

 

II – I B. Tech R17A0362 – MECHANICS OF FLUIDS  Compiled By SWETHA BALA MNVS  
6 

 

MALLA REDDY COLLEGE OF ENGINEERING & 

TECHNOLOGY 

       

 

II Year B. Tech, ANE-I Sem 

 

R17A0362 - MECHANICS OF FLUIDS 
 

Objectives:  

• The student will gain insight into a number of potentially useful phenomena involving movement of 

fluids.  

• He/she will learn to do elementary calculations for engineering application of fluid motion.  

• This course also prepares the student for more advanced courses such as Aerodynamics- I & -II.  

 

UNIT I  
Fluid Properties: Density, specific weight, specific gravity, surface tension & capillarity, Newton’s 

law of viscosity, incompressible & compressible fluid, numerical problems. Hydrostatic forces on 

submerged bodies: Pressure at a point, Pascal’s law, pressure variation with temperature and height, 
Center of pressure on vertical, inclined and curved surfaces. Manometers- simple and differential 

manometers, inverted manometers, micro manometers, Pressure gauges and numerical problems. 

Buoyancy- Archimedes’s Principle, Metacenter, Meta centric height calculations.  

 

UNIT II  

Fluid Kinematics: Stream line, path line, streak line, stream surface, stream tube, classification of 

flows: steady, unsteady, uniform, non uniform, laminar, turbulent flows. One dimensional 

approximation, examples of real 1-D flows, two dimensional approximation, 2-D flow in wind tunnel, 

continuity equations for 1-D and 2-D flows both compressible and incompressible, stream function for 
two dimensional incompressible flows. Vorticity, irrotational flow, Velocity potential function. 

Introduction to vortex flows. 

 

UNIT III  

Fluid Dynamics: Surface & body forces, substantive derivative, local derivative and convective 

derivative, momentum equation, Euler equation, Bernoulli’s equation. Phenomenological basis of 

Navier-Stokes equation.  

Flow measurements: pressure, velocity and mass flow rate, viscosity, Pitot-static tube, venturi meter 

and orifice meter, viscometers.  

Flow of through pipes: major and minor losses.  

 

UNIT IV  

Boundary Layer: Introductory concepts of boundary layer, Large Reynolds number flows and 
Prandtl’s boundary layer hypothesis, Qualitative description of Boundary layer thickness and velocity 

profile on a flat plate and forces due to laminar and turbulent boundary layer. Separation of boundary 

layer. Methods of preventing separation of boundary layer. 

 

UNIT V  

Dimensional and Model Analysis and Forces on submerged bodies: 

Statement of Buckingham’s π-theorem, Similarity parameters: Dimensionless numbers, Types of 

similarities, Similarity laws, Model testing and Classification of models. Forces exerted by a flowing 

fluid on a stationary body, Expressions for drag and lift. 
 

L T/P/D C 

4 1/-/- 4 
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Text Books: 
1. Engineering Fluid mechanics – K.L . Kumar, S.Chand & Co.  

2. Introduction to Fluid Mechanics and Fluid machines – S.K. Som and G. Biswas  

3. Fluid Mechanics and Hydraulic Machines – RK Bansal, Laxmi Publications 

 

Reference Books:  

1. Fluid Mechanics – Frank M and White, Mc-Grawhill.  

2. Fluid Mechanics- Fox and Mc Donald  
3. Fluid Mechanics – E. Rathakrishnan  

 

Outcomes:  

• Students can define the governing equations of fluid flow problems. 

• It makes the student ready to understand about aerodynamics. 

• Students can able to create models for experimental analysis. 
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Lesson Plan (2018-2019 – I Semester) 

UNIT TOPIC No. OF 

CLASSES 

Total No. 

Of Classes 

I 

FLUID  

PROPERTIES 

Introduction 

Fluid Properties: Density, specific weight, specific 

gravity, surface tension & capillarity,  

1  

Types of fluids and Newton’s law of viscosity and  1 

Numerical Problems on Fluid Properties (Viscosity) 2 

Hydrostatic forces on submerged bodies: Pressure at 

a point, Pascal’s law 

1 

Pressure variation with temperature and height: 

Center of Pressure and Total Pressure 

1 

Center of pressure on vertical, inclined and curved 

surfaces. 

1 

Problems on Hydrostatic forces 2 

Pressure Measuring Devices: Manometers- simple 

and differential manometers, inverted manometers, 

micro manometers, Pressure gauges and numerical 

problems. 

2 

Buoyancy- Archimedes’s Principle, Metacenter, Meta 

centric height calculations. 

2 

Assignment & revision 1 

Test in Unit 1 1 

 

 

 

 

           2 

FLUID 

KINEMATICS 

 

  

Introduction: 

Stream line, path line, streak line, stream surface, 

stream tube 

1  

Classification of flows: steady, unsteady, uniform, non 

uniform, laminar, turbulent flows, One dimensional 

approximation 

1 

Examples of real 1-D flows, two dimensional 

approximation, 2-D flow in wind tunnel 

1 

Governing Equation: Continuity equation for 1-D and 

2-D flows both compressible and incompressible, 

1 

Problems on Continuity equation (1 – D, 2 – D and 3- 

D) 

2 

Stream Function and Velocity Potential  1 

Rotational and Irrotational Flows : Angular Velocity 

components 

1 

Vorticity  

Problems on Stream function, Velocity Potential 

Function and Vorticity 

2 

Introduction to Vortex Flows 1 

Assignment & revision 1 

Test in Unit - 2 1 

16 

12 
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3 

FLUID 

DYNAMICS 

Fluid Dynamics: Surface & body forces,.  1  

Total or substantive derivative:  local derivative and 

convective derivative, Problems on above topic 

1 

Governing equation: Momentum Equation 1 

Governing equation: Euler equation, Bernoulli’s 

equation. Phenomenological basis of Navier-Stokes 

equation 

1 

Problems on Bernoulli’s Equation 1 

Flow measurements:  
Velocity Measurements: Pitot – Static Tube 

1 

Viscosity Measurement: Viscometers 1 

Mass flow rate: Venturimeter and Orifice Meter 1 

Problems on Venturi and Orifice meters 2 

Flow of through pipes: major and minor losses.  2 

Assignment and revision 1 

Test in Unit - 3 1 

4 

BOUNDARY 

LAYER 

 

Boundary Layer: Introductory concepts of boundary 

layer, Viscosity and Large Reynolds number flows and 

Prandtl’s boundary layer hypothesis 

2  

Qualitative description of Boundary layer thickness 

and expressions for Displacement thickness, 

Momemtum thickness and Energy thickness 

2 

Velocity profile on a flat plate and forces due to 

laminar and turbulent boundary layer. 

1 

Problems on Boundary Layer thickness calculation 2 

Separation of boundary layer. Methods of preventing 

separation of boundary layer. 

1 

Assignment and revision 1 

Test in Unit - 3 1 

5 

DIMENSIONAL 

AND MODEL 

ANALYSIS 

AND FORCES 

ON 

SUBMERGED 

BODIES 

 

Dimensional Analysis: 

Statement of Buckingham’s π-theorem and 

Significance 

1  

Similarity parameters: Dimensionless numbers 1 

Types of similarities: Similarity laws 1 

Model testing and Classification of models 1 

Forces exerted by a flowing fluid on a stationary body  1 

Expressions for drag and lift 1 

Assignment and revision 1 

Test in Unit 5 1 

   61 
 

  

14 

11 

8 
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II B.TECH I SEMESTER – AERONAUTICAL ENGINEERING 

MECHANICS OF FLUIDS (R17) 
MODEL PAPER – I 

MAXIMUM MARKS: 70 
i. Answer only one question among the two questions in choice. 

ii. Each question answer (irrespective of the bits) carries 10M. 

 

1.  a. Two plates are placed at a distance of 0.15 mm apart. The lower plate is fixed while the 

upper plate having the surface area of 1.0 m
2
 is pulled at 0.3 m/s. Find the force and the power 

required to maintain this speed, if the fluid separating them is having viscosity 1.5 poise.   

b. Derive an expression for total pressure and center of pressure for a vertically plane surface 

immersed in a liquid.          

OR 

2. Explain the working of a Bourdon tube pressure gauge using a neat sketch.   

 

3. a. A 40 cm diameter pipe, conveying water, branches into two pipes of diameter 30 cm and 20 

cm respectively. If the average velocity in the 40 cm pipe is 3 m/s, find the discharge in this 

pipe and also determine the velocity in 20 cm pipe. The average velocity in 30 cm pipe is 2 

m/s. 

b. The two velocity components are given in the following cases, find the third component 

such that they satisfy the continuity equation for steady, incompressible flow. 

i. � =  �� + �� + 2
� ; � =  −��� − �
 − �� 

ii. � = 2��, � = 2��
          

OR 

4. The velocity vector in a flow field is given as � = 4��� − 10���� + 2�� . Find the velocity 

and acceleration of a fluid particle at (2,1,3) at time t = 1.      

 

5. a. A pipe line carrying oil of specific gravity 0.8 changes in diameter from 300 mm at a 

position A to 500mm at position B which is 5m higher level. If the pressures at A and B are 

19.6 N/cm
2
 and 14.9 N/cm

2
 respectively for a discharge of 150 liters per sec. Find the loss of 

head and the direction of flow.         

b. What is impulse momentum equation?       

c. What are the uses of dimensional analysis? Explain in brief.    

OR 

6. What is the principle of orifice meter? Derive the expression for discharge through an orifice 

meter.            

 

7. The velocity profile in a laminar boundary layer is given by 
�

�∞
= 2 ��

�� − 2(�
�)� +  ��

�� 
. Find 

the expressions for boundary layer thickness, shear intensity and drag force on one side of the 

plate.            

OR 
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8.  A man weighing 90kgf descends to the ground from an airplane with the help of a parachute 

against the resistance of air. The velocity with which the parachute which is hemi – spherical 

in shape is 20 m/s downwards. Find the diameter of the parachute. Assume CD = 0.5 and the 

density of air = 1.25 kg/m
3
.        

 

9. Derive the relation between shear stress and velocity for the laminar flow between two parallel 

plates while one plate is stationary and the other is moving with a uniform velocity. 

OR 

10. Using a neat sketch, show the hydraulic gradient line and energy gradient line for the flow 

through a pipe. What is the significance and applications of the same?   
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II B.TECH I SEMESTER – AERONAUTICAL ENGINEERING 

MECHANICS OF FLUIDS (R17) 
MODEL PAPER – II 

 MAXIMUM MARKS: 70 
i. Answer only one question among the two questions in choice. 

ii. Each question answer (irrespective of the bits) carries 10M. 

 

1. a. Define the term Buoyancy. Explain using neat sketch, the conditions for equilibrium of a 

submerged body in fluid.         

b. Define Meta center and Meta centric height. Explain the analytical method for determining 

meta – centric height.         

OR 

2. The opening in a dam is 3m wide and 2m high. A vertical sluice gate is used to cover the 

opening. On the upstream of the gate, the liquid of specific  gravity 1.5 lies up to a height of 

2m above the top of the gate, whereas on the down stream side, the water is available up to a 

height of top of the gate. Find the resultant force acting on the gate and the position of center of 

pressure. Assume that the gate is hinged at the bottom.     

 

3. Derive the 3 – D continuity equation choosing a suitable flow model. Define all the symbols 

used while deriving it.         

OR 

4. a. The 2 – D stream function for a flow is ! = 9 + 6� − 4� + 7��. Find the velocity potential.  

b. Diffentiate between Eulerian and Lagrangian methods of representing fluid flow.  

 

5. a. A horizontal venturimeter with inlet and throat diameter 20 cm and 10 cm is used to measure 

the flow of oil of specific gravity 0.8. The discharge of oil through the venturimeter is 60 liters 

per sec. Find the reading of the oil – mercury differential manometer. Take Cd = 0.98  

b. A pipe of diameter 400mm carries water at a velocity of 25m/s. The pressure at the points A 

and B are given by 29.43 N/cm
2
 and 22.563 N/cm

2
 respectively, while the datum head at A and 

B are 28 m and 30 m respectively. Find the loss of head between A and B.   

OR 

6.  State Bernoulli’s principle. Derive the Bernoulli’s equation from Euler’s equation of motion.  

 

7. Derive Von – Karman momentum integral equation.      

OR 

8. Explain boundary layer separation using a neat sketch and state the methods to avoid it.  

 

9. a. Determine the rate of flow of water through a pipe of diameter 10 cm and length 60 cm when 

one end of the pipe is connected to a tank and other end of the pipe is open to the atmosphere. 

The height of  the water  in the tank from the center of the pipe is 5 cm. The pipe is horizontal 

and the friction factor is 0.01. Consider minor losses.      
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b. Determine the difference in the elevations in the water surfaces in the two tanks which are 

connected by a horizontal pipe of diameter 300 mm and length 400m. The  rate of flow through 

the pipe is 300 liters per sec. Consider all the losses and take the value of f = 0.008.  

OR  

10. Derive the relation between shear stress and velocity for the laminar flow between two 

stationary parallel plates.          
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II B.TECH I SEMESTER – AERONAUTICAL ENGINEERING 

MECHANICS OF FLUIDS (R13) 
MODEL PAPER – III 

MAXIMUM MARKS: 70 
i. Answer only one question among the two questions in choice. 

ii. Each question answer (irrespective of the bits) carries 10M. 

 

1. a. Derive an expression for Total Pressure and Center of pressure for an inclined plane surface 

submerged in a liquid.         

b. An inclined rectangular gate of width 5 m and depth 1.5m is installed to control the 

discharge of water as shown in fig. (3.55/127 Bansal). The end A is hinged. Determine the 

force normal to the gate applied at B to open it.       

OR 

2. a. Water is flowing through two different pipes to which an inverted differential manometer 

having an oil of sp. Gr 0.8 is connected. The pressure head in the pipe A is 2m of wate, find the 

pressure in the pipe B for the manometer readings as shown in fig. (2.22/54 Bansal)  

b. A 150mm diameter vertical cylinder rotates concentrically inside another cylinder of 

diameter 151mm. Both the cylinders are of 250 mm height. The space between the cylinders is 

filled with a liquid of viscosity 10 poise. Determine the torque required to rotate the inner 

cylinder at 100 rpm.           

 

3. a.  What is a flow net? Describe the uses and limitations of a flow net.   

b. Check whether the flow defined by the stream function ψ = 2xy is irrotational. If so, 

determine the corresponding velocity potential. 

OR 

4. For a steady incompressible flow, check the following values of u and v are possible or not.  

a. � = 4�� + ��, � = 6�� + 3� 

b. � = 2�� + ��, � =  −4��        

 

5. a. What is meant by substantial derivative? Derive.      

b. Water is flowing through a pipe 5 cm diameter under a pressure of 29.43 N/cm
2
 guage and 

with a mean velocity of 2m/s. Find the total head or total energy per unit weight of the water at 

a cross – section which is 5m above the datum line.      

OR 

6. a. Differentiate between a model and a prototype.      

b. What are the conditions to be satisfied for both to be in dynamic similarity?  

c. What are the aims and objectives of model studies?     

 

7. a. What is Magnus effect? 

b. Find the diameter of the parachute with which a man of 80 kg descends to the ground form 

an airplane against the resistance of air with a velocity 25 m/s. Take Cd = 0.5 and density of air 

= 1.25kg/m
3
. 
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OR 

8. Define boundary layer thickness, displacement thickness, momentum thickness and energy 

thickness. Explain the significance of each.       

 

9. The rate of flow of water pumped into a pipe ABC which is 200m long is 20 liters per sec. the 

pipe is laid on an upward slope of 1 in 40. The length of the portion AB is 100m and its 

diameter is 100mm, while the length of the portion BC is also 100 m but its diameter is 200 

mm. The change of diameter at B is sudden. The flow is from A to C. the pressure at A is 

19.62N/cm
2
 and end C is connected to a tank. Find the pressure at C and draw the hydraulic 

gradient and total energy line. Take f = 0.008.       

OR 

10. Three pipes of same length L, diameter D and friction factor f are connected in parallel. 

Determine the diameter of the pipe of length  L and friction f which will carry the same 

discharge for the same head loss. Use Darcy’s – Weishbach equation.    
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II B.TECH I SEMESTER – AERONAUTICAL ENGINEERING 

MECHANICS OF FLUIDS (R17) 
MODEL PAPER – IV 

MAXIMUM MARKS: 70 
          

i. Answer only one question among the two questions in choice. 

ii. Each question answer (irrespective of the bits) carries 10M. 

 

1. a. Explain the working of a U – tube and inverted U – tube manometer.   

 

b. Calculate the pressure and density of air at a height of 3000m above the sea level give the 

pressure and temperature at sea level as 10.413 N/cm
2
 and 15

0
C respectively. The temperature 

lapse rate is given as 0.0065
o
 K/m. The density of air at sea level is 1.285 kg/m

3
.  

OR 

2. a. Determine the Bulk modulus of elasticity of a liquid, if the pressure of the liquid is increased 

from 70 N/cm
2
 to 130 N/cm

2
. The volume of the liquid is decreased by 0.15 percent.    

b. The velocity distribution for flow over a flat plate is given by � =  �
� � −  ��/�, where u is 

the point velocity in m/s at a distance y meter above the plate. Determine the shear stress at y = 

9 cm. Assume dynamic viscosity as 8 poise.       

 

3. Define and derive the expressions for local and convective accelerations.   

OR 

4. a. What are the types of displacement that a fluid particle undergoes while in motion of a fluid? 

Explain using neat sketches.         

b. Water flows through a pipe AB 1.2m diameter at 3 m/s and then passes through a pipe BC 

1.5 m diameter. At C, the pipe branches. The branch CD is 0.8 m diameter and carries one – 

third of the flow in AB. The flow velocity in branch CE is 2.5m/s. Find the volume rate of flow 

in AB, the velocity in CD and the diameter of CE.     

 

5. 250 liters of water is flowing in a pipe having diameter 300 mm. If the pipe is bent by 135
0
, 

find the magnitude and direction of the resultant force on the bend. The pressure of water 

flowing is 400 kN/m
2
.         

OR 

6. a. Explain the working of a capillary tube viscometer.    

b. Explain the working of a concentric – cylinder viscometer.   

 

7. Using neat sketches, explain the development of lift over a circular cylinder. 

OR 

8. For the velocity profile for laminar boundary layer 
�

�∞
=  �

� ��
�� − '

� ��
���

. Determine the 

boundary layer thickness, shear stress, drag force.     
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9. a. Three pipes of length 800m, 500m and 400m and of diameters of 500mm, 400mm and 

300mm respectively are connected in series. These pipes are to be replaced by a single pipe of 

length 1700m. Find the diameter of the single pipe.     

b. What is a siphon? What are its advantages?     

OR 

10. An oil of viscosity 0.1 N/m
2
 and relative density 0.9 is flowing through a circular pipe of 

diameter 50mm and the length of 300m. The rate of flow of fluid through the pipe is 3.5 liters 

per second. Find the pressure drop in a length of 30 m and also the shear stress at the pipe 

wall.  
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II B.TECH I SEMESTER – AERONAUTICAL ENGINEERING 

MECHANICS OF FLUIDS (R13) 
MODEL PAPER – V 

MAXIMUM MARKS: 70 
i. Answer only one question among the two questions in choice. 

ii. Each question answer (irrespective of the bits) carries 10M. 

 

1.  a. Define vapor pressure and its effects.       

b. State and prove Hydrostatic law.       

c. Explain the variation of viscosity of fluids with temperature.    

OR 

2. a. A shaft of diameter 100 mm is rotating inside a journal bearing of diameter 102mm at a pace 

of 360 rpm. The space between the shaft and the bearing is filled with a lubricating oil of 

viscosity 5 poise. The length of the bearing is 200mm. Find the power absorbed in the 

lubricating oil.          

b. A cubical tank has sides of 1.5m. It contains water for the lower 0.6m depth. The upper 

remaining part is filled with oil of specific gravity 0.9. Calculate for one vertical side of the 

tank: i. total pressure and (ii) position of center of pressure. 

 

3. A flow field is given by � =  ���� +  ��
� − (2��
 + �
�)�. Prove that it is a possible case 

of steady incompressible flow. Calculate the velocity and acceleration at point (2,1,3). 

OR 

4. a. Differentiate rotational and irrotational flows. Define vorticity. What are the properties of 

velocity potential function?        

b. The velocity components in a 2D flow are given by � =  �(
� + 2� − ��� and � = ��� −

2� − )(
�  . Show that these components represent a possible case of an irrotational flow.  

 

5. a. Explain the working of a pitot – static tube and mention its purpose.    

b. A pitot – tube is inserted in a pipe of 300 mm diameter. The static pressure in pipe is 100 

mm of Hg vacuum. The stagnation pressure at the center of the pipe, recorded by the tube is 

0.981 N/cm
2
. Calculate the rate of flow of water through the pipe, if the mean velocity of the 

flow is 0.85 times the central velocity. Take Cv = 0.98.      

OR 

6. A nozzle of diameter 20 mm is fitted into a pipe of 40 mm. Find the force exerted by the nozzle 

on the water which is flowing through the pipe at the rate of 1.2 m
3
/minute.    

 

7. Derive the expressions for drag and lift on an arbitrary shaped body place in a uniform field. 

OR 

8. The velocity distribution in the boundary layer is given by 
�

�∞
=  �

�. Show that the displacement 

thickness is δ times the momentum thickness. 



AERONAUTICAL ENGINEERING – MRCET (UGC – Autonomous) 

 

 

II – I B. Tech R17A0362 – MECHANICS OF FLUIDS  Compiled By SWETHA BALA MNVS  
19 

 

 

9. a. Determine the pressure gradient, the shear stress at the surface of the plates and the 

discharge per meter with for the laminar flow of oil having maximum velocity of 2m/s between 

tow horizontal parallel fixed plates which are 100 mm apart. Given μ = 2.4525 N-s/m
2
. 

 

For the problem above, sketch the shear stress and velocity profile.    

OR 

10. a. Define equivalent pipe using necessary illustrations for pipes in series and parallel.  

b. An old water supply distribution pipe of 250 mm diameter of a city is to be replaced by two 

parallel pipes of smaller equal diameter having equal lengths and identical friction factor 

values. Find out the new diameter required.        
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PREVIOUS QUESTION 

PAPERS 

** The question paper pattern has changed from R15 to R17 Regulations. 

Please note that the pattern given in the following papers is R15 pattern 
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Code No: R15A0362 

MALLA REDDY COLLEGE OF ENGINEERING & 

TECHNOLOGY 
(Autonomous Institution – UGC, Govt. of India)  

II B.Tech I Semester Regular/Supplementary Examinations, November 2017 

Mechanics of Fluids  

 (AE)  

Roll No           

 

Time: 3 hours        Max. Marks: 75 

Note: This question paper contains two parts A and B 

 Part A is compulsory which carriers 25 marks and Answer all questions. 

Part B Consists of 5 SECTIONS (One SECTION for each UNIT). Answer FIVE Questions, 

Choosing ONE Question  from each SECTION and each Question carries 10 marks. 

 

 PART – A (25 Marks) 

1. (a) Define center of pressure. What are the cases for submerged surfaces to determine             

the total pressure fore and center of pressure?                               2 M 

(b) Define the terms gauge, vacuum and absolute pressure. A fresh water lake has a maximum 

depth of 60 m and the mean atmospheric pressure is 91 kPa. Estimate the absolute pressure in 

kPa at this maximum depth.                            3 M 

(c) Differentiate between a stream line and a streak line?                           2 M  

(d) The velocity component in a 2-D flow field for an incompressible fluid are expressed as 

� = ��
3 + 2� − ��� ;  � = ��� − ��

3 − 2�   
Obtain an expression for stream function ψ.                               3 M 

(e) What are the forces acting on fluid in motion?                               3 M 

(f) Explain the concept of flow through nozzles?                              2 M 

(g) Define laminar boundary layer and turbulent boundary layer?                           2 M 

(h) Define momentum thickness and energy thickness with formula?                           3 M 

(i) Name four points how repeating variables are selected.                           2 M 

(j) A flat plate of size 2x3 m is submerged in water flowing with velocity of 6 m/s. Find drag and 

lift if CD = 0.04 and CL = 0.2.                             3 M 

 

 PART – B (50 Marks) 
 

SECTION – I 

2. a) Explain the center of buoyance and metacenter.                4 M 

b) Explain briefly i) Newton’s law of viscosity          

             ii) Newtonian and Non Newtonian fluids  

            iii) Surface tension                                       6 M 

R15 
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(OR) 

 

3. Explain and differentiate the types of manometers?  

 

SECTION – II 

4. a) Prove that velocity potential exists only for irrotational flows of fluids?                   5 M 

b) Differentiate between laminar, transient and turbulent flows?                                   5 M 

(OR) 

5. a) Derive an expression for 2-D continuity equation for compressible and incompressible flows 

in Cartesian co-ordinates?                   5 M 

b) Write a short note on classification of fluids?                 5 M 

 

SECTION – III 

6. a) Derive Euler equation and from that Bernoulli’s equation?                          6 M  

b) Explain the working principle of pitot tube? Derive the equation for measuring the velocity 

of flow passing through pipe using pitot tube?               4 M 

(OR) 

7. a) A pipe line carrying oil of specific gravity 0.87 changes in diameter from 200 mm at a 

position A to 500 mm diameter a position B which is 4 m at high level. If pressure at position 

A and B are 1.01 bar and 0.6 bar respectively and the discharge is 200 liters/second, determine 

the loss of head and direction of flow?                6 M 

b) State the reasons for difference in the Cd value in venture meter and orifice meter.  4 M 

 

SECTION – IV 

8. a) Explain the boundary layer growth and its characteristics along the thin flat plate with neat 

diagram?                     6 M 

b) For a laminar flow of oil having a dynamic viscosity μ = 1.76 Pa. s in a 0.3 diameter pipe 

the velocity distribution is parabolic with a maximum point velocity of 3 m/s at a center of 

pipe. Calculate shear stresses in pipe?                 4 M 

(OR) 

9. Discuss the methods of controlling the separation of boundary layer?  

  

SECTION – V 

10. a) How do you ensure that model and prototype are similarly developed.             5 M 

b) Explain the dimensionless numbers.                  5 M 

(OR) 

11. Derive lift and drag forces acting on a stationary body submerged in a moving fluid.  

 

 

***** 
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Code No: R15A0362 

MALLA REDDY COLLEGE OF ENGINEERING & 

TECHNOLOGY 
(Autonomous Institution – UGC, Govt. of India)  

II B. Tech I Semester Supplementary Examinations, May 2018 

Mechanics of Fluids 

 (AE)  

Roll No           

 

Time: 3 hours        Max. Marks: 75 

Note: This question paper contains two parts A and B 

 Part A is compulsory which carriers 25 marks and Answer all questions. 

Part B Consists of 5 SECTIONS (One SECTION for each UNIT). Answer FIVE Questions, 

Choosing ONE Question  from each SECTION and each Question carries 10 marks. 

*** 

 PART – A (25 Marks) 

12. (a) Differentiate between compressible and incompressible fluid.                              2 M  

(b) Define ideal fluid and State Newton’s law of viscosity .                               3 M 

(c) Define the rotational and irrotational flow? Write down the condition for irrotational flow?

                          2 M 

(d) Calculate the unknown velocity component so that they satisfy the continuity equitation                          

3 M 

* = (+,+ + +,-); . = (/0 − 1,/ − +-/); 2 =?                           

(e) Write the assumptions involved in deriving the Bernoulli’s equation.                      2 M 

(f) What are the basic principles used in the analysis of problems of fluid in motion?                                            

Write a short note on them.                            3 M 

(g) Write down the difference between laminar boundary layer and laminar sub-layer?

                            2 M 

(h) Draw the velocity profile in adverse pressure gradient conditions for the flow over a flat plate? 

Show the conditions involved.                           3 M 

(i) Define drag and lift.                           2 M 

(j) What is similitude and write the types of similarities.                           3 M 

  

 

 PART – B (50 Marks) 
 

SECTION – I 

13. a) Derive an expression for total pressure force and center of pressure for vertical plane surface 

submerged in liquid.                   5 M 

b) Determine the total pressure acting on a circular plate of diameter 1.5 m which is placed in 

water in such a way that center of the plate is 3 m below the free surface of the water. Also, 

find the position of center of pressure.                5 M 

(OR) 

R15 
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14. a) State and prove Pascal’s law.                   5 M 

b) Differentiate between kinematic and dynamic viscosity.               5 M 

 

SECTION – II 

15. a) Prove that stream lines and equi-potential lines are perpendicular to each other.       5 M 

b) Define and distinguish between laminar flow and turbulent flow, uniform flow and non-

uniform flow?                   5 M 

(OR) 

16. a) A stream function follow the law ! = 4�� − 4� 

    Obtain the velocity potential function.                  7 M 

b) What do you understand by rotational and vortex flow?                3 M 

 

SECTION – III 

17. a) Differentiate between total, local and convective accelerations with one example.   5 M 

b) Explain what do you understand by the terms major and minor energy losses in pipe?  

                      5 M 

(OR) 

18. a) Explain any two applications of Bernoulli’s principle?               4 M 

b) Explain the working of pitot tube. Write the application of pitot tube in aerospace  

     Industry.                                                                                                6 M 

 

SECTION – IV 

19. a) Draw a neat sketch to explain boundary layer growth over a flat plate at zero angle of attack.  

                     5 M 

b) Explain the phenomenon of boundary layer separation?               5 M 

(OR) 

 

20. If  
�
4 = �

� ��
�� − '

� (�
�)�, find shear stress, boundary layer thickness and drag coefficient from the 

fundamental equations of the boundary layer?                                              10M 

    

SECTION – V 

21. a) Explain the forces developed by moving fluid on stationary body.              5 M 

b) A vehicle projected with an area of 6.5 square meter moving at 70 km/hour has a total 

resistance of 2000 N. of this 25 per cent is due to rolling friction and 5 per cent due to surface 

friction. The remaining is due to form drag. Calculate the co-efficient of form drag with a 

density of 1.25 kg/m
3
.                             5 M 

(OR) 

22. a) State Buckingham’s π-theorem with an example.                                      5 M 

      b) Briefly explain why dimensional analysis is required.               5 M 

 

******* 
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UNIT – I  

 

Key Topics: Fluid – definition, distinction between solid and fluid - Units and dimensions - 

Properties of fluids -density,  specific  weight,  specific  volume,  specific  gravity,  

temperature,  viscosity, compressibility, vapour pressure, capillarity and surface tension - 

Fluid statics: concept of fluid statics: Concept of fluid static pressure, absolute and guage 

pressures, pressure measurement by manometers, and pressure gauges- forces on planes – 

centre of pressure – bouncy and floatation 

 

1. FLUID MECHANICS 

Fluid dynamics is "the branch of applied science that is concerned with the movement of 

liquids and gases,". Fluid dynamics is one of two branches of fluid mechanics, which is the 

study of fluids and how forces affect them. (The other branch is fluid statics, which deals with 

fluids at rest.)  

The movement of liquids and gases is generally referred to as "flow," a concept that describes 

how fluids behave and how they interact with their surrounding environment — for example, 

water moving through a channel or pipe, or over a surface. Flow can be either steady or 

unsteady."If all properties of a flow are independent of time, then the flow is steady; otherwise, 

it is unsteady." (Reference:  "Lectures in Elementary Fluid Dynamics" (University of Kentucky, 

2009) J. M. McDonough). An example of steady flow would be water flowing through a pipe 

at a constant rate. On the other hand, a flood or water pouring from an old-fashioned hand 

pump are examples of unsteady flow.  

The gas most commonly encountered in everyday life is air; therefore, scientists have paid 

much attention to its flow conditions. Wind causes air to move around buildings and other 

structures, and it can also be made to move by pumps and fans.  

One area of particular interest is the movement of objects through the atmosphere. This branch 

of fluid dynamics is called aerodynamics, which is "the dynamics of bodies moving relative to 

gases, especially the interaction of moving objects with the atmosphere," according to the 

American Heritage Dictionary. Problems in this field involve reducing drag on automobile 

bodies, designing more efficient aircraft and wind turbines, and studying how birds and insects 

fly. 

For further information refer: https://www.livescience.com/47446-fluid-dynamics.html  

STATES OF MATTER 

There are three states of matter: solids, liquids and gases. 

  Both liquids and gases are classified as fluids. 
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 F l u i d s  do not resist a change in shape. Therefore fluids assume the shape of the 
container they occupy. 

 L i q u i d s  may be considered to have a fixed volume and therefore can have a free 
urface. 

Liquids are almost incompressible. 

 C o n v e r s e l y, gases are easily compressed and will expand to fill a container 
occupy. 

  We will usually be interested in liquids, either at rest or in motion. 

 

Definition: The strict definition of a fluid is: A fluid is a substance which conforms 

continuously under the action of shearing forces. 

If we apply a shear force to a fluid it will deform and take up a state in which no shear 

force exists. Therefore, we can say: If a fluid is at rest there can be no shearing forces 

acting and therefore all forces in the fluid must be perpendicular to the planes in which 

they act.  

Note here that we specify that the fluid must be at rest. This  is  because,  it  is  
found  experimentally that  fluids  in  motion  can  have  slight resistance to shear 
force. This is the source of Viscosity. 

Ideal Fluids ad real Fluids: 

An ideal fluid is a fluid that has several properties including the fact that it is: 

 • Incompressible – the density is constant 

 • Irrotational – the flow is smooth, no turbulence 

 • Nonviscous –(Inviscid) fluid has no internal friction ( η = 0) 

 

Real fluid: Fluid that have viscosity(μ > 0) and their motion known as viscous flow. 

All the fluids in actual practice are real fluids. 

 

2. Fluid properties: 

Density: Mass per unit volume is defined as Density (also called as Mass Density). The density 

of liquid may be considered as constant while that of gases changes with the variation of 

pressure and temperature. 

56789�� = : = ;<88 => >?�95
�=?�;6 => >?�95 = ;

@   kg/m3  
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Specific Weight: Weight per unit volume of fluid is called 

as Specific Weight (also called as Weight density).

C = �69DE� => >?�95
�=?�;6 => >?�95

∴ C = :D   
 Where, D is the acceleration due gr

Specific Gravity: Specific Gravity is defined as the ratio of the density of a substance to the 

density of some standard substance at a specified temperature.

G(>=H ?9I�958

G(>=H 

Surface Tension: Surface tension is defined as the force at right angle to any line of unit 

length in the surface formed by two immiscible liquids. It is denoted by the Greek letter 

(sigma). In MKS units, it is expressed as 

 

 

Surface tension on liquid droplet: 

Let, J = Surface tension of the liquid

        K = Pressure intensity inside the droplet

        5 = Dia. of droplet 

J = K5
4  

Surface tension on a hollow bubble:

J = K5
8

Surface tension on a liquid jet: 

J = K M 5
2N

Capillarity: Capillarity is defined as a phenomenon of 

rise or fall of the liquid surface relativ
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: Weight per unit volume of fluid is called 

as Specific Weight (also called as Weight density). 

>?�95
>?�95 = ; ∗ D

@   

 N/m3  
is the acceleration due gravity. 

: Specific Gravity is defined as the ratio of the density of a substance to the 

density of some standard substance at a specified temperature. 

?9I�958) = 8K6P9>9P �69DE� => ?9I�95
8K6P9>9P �69DE� => �<�6H 

 D<868) =  8K6P9>9P �69DE� => D<8
8K6P9>9P �69DE� => <9H  

: Surface tension is defined as the force at right angle to any line of unit 

ed by two immiscible liquids. It is denoted by the Greek letter 

(sigma). In MKS units, it is expressed as kgf/m while in SI units as N/m.  

Surface tension on liquid droplet:  

Surface tension of the liquid 

de the droplet 

Surface tension on a hollow bubble: 

K5
8  

M N
N  

: Capillarity is defined as a phenomenon of 

rise or fall of the liquid surface relative to the adjacent level of the fluid is called capillarity

Figure:  surface tension

Figure: surface tension on a

Figure: forces on liquid droplet

Compiled By SWETHA BALA MNVS  

: Specific Gravity is defined as the ratio of the density of a substance to the 

: Surface tension is defined as the force at right angle to any line of unit 

ed by two immiscible liquids. It is denoted by the Greek letter J 

e to the adjacent level of the fluid is called capillarity 

Figure:  surface tension 

surface tension on a liquid jet 

forces on liquid droplet 
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Expression for capillary rise or fall:

 If QR is the angle of contact between liquid and solid,

determine the capillary rise or depression,

direction considering surface tension, gravity and pressure. 

the sum of all of forces acting on the fluid column is zero

Upward force due to surface tension

Weight of the liquid column = :DS
Thus, equating the above two equations we get

E = 4JP=8Q
:D5

EXERCISE PROBLEMS ON ABOVE 

PROPERTIES WILL BE DEALT IN THE 
 

VISCOSITY: 

The viscosity of a fluid is the measure of its

stress or tensil stress.
[1]

 For liquids, it corresponds to the informal concept of "thickness": for 

example, honey has a higher viscosity than

Viscosity is the property of a fluid which opposes the relative motion between two surfaces of 

the fluid that are moving at different

between the molecules of fluid. When the fluid is forced through a tube, the particles whic

compose the fluid generally move more quickly near the tube's axis and more slowly near its 

walls; therefore some stress (such as a

needed to overcome the friction 

velocity pattern, the stress required is proportional to the fluid's viscosity.

The behavior of a fluid in flow 

density and viscosity. For example
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Expression for capillary rise or fall: 

is the angle of contact between liquid and solid, d is the tube diameter, we can 

determine the capillary rise or depression, h by equating force balance in the z-

considering surface tension, gravity and pressure.  Since the column of fluid is at rest, 

the sum of all of forces acting on the fluid column is zero. 

Upward force due to surface tension = JP=8QRS5 

:DS TU
 E 

Thus, equating the above two equations we get 

QR
 

EXERCISE PROBLEMS ON ABOVE 

PROPERTIES WILL BE DEALT IN THE CLASS

is the measure of its resistance to gradual deformati

For liquids, it corresponds to the informal concept of "thickness": for 

has a higher viscosity than water. 

ty of a fluid which opposes the relative motion between two surfaces of 

the fluid that are moving at different velocities. In simple terms, viscosity means friction 

between the molecules of fluid. When the fluid is forced through a tube, the particles whic

compose the fluid generally move more quickly near the tube's axis and more slowly near its 

(such as a pressure difference between the two ends of the tube) is 

 between particle layers to keep the fluid moving. For a given 

velocity pattern, the stress required is proportional to the fluid's viscosity. 

 

 

 is very much related to two intrinsic propertie

ple, a solid body moving through a gas has to overco

Figure

Compiled By SWETHA BALA MNVS  

is the tube diameter, we can 

Since the column of fluid is at rest, 

CLASS 

to gradual deformation by shear 

For liquids, it corresponds to the informal concept of "thickness": for 

ty of a fluid which opposes the relative motion between two surfaces of 

velocities. In simple terms, viscosity means friction 

between the molecules of fluid. When the fluid is forced through a tube, the particles which 

compose the fluid generally move more quickly near the tube's axis and more slowly near its 

difference between the two ends of the tube) is 

he fluid moving. For a given 

intrinsic properties of the fluid: 

overcome a certain 

Figure: capillary rise 
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resistance which depends on the relative velocity between fluid and solid, the shape of the solid, 

the density of the gas and its viscosity. The power required to move a fluid through a conduit is a 

function of the fluid velocity, the diameter of the conduit and the fluid density and viscosity. 

 

Newton's viscosity law:  

 

As in the figure, if the upper plate is kept stationary while the lower plate is set to motion 

with a velocity uo, the layer of liquid right next to this plate will also start to move. With time, 

the motion of the bottom layer of fluid will cause the fluid layers higher up to also move. 

When steady-state conditions are established, the velocity of the uppermost layer, which is in 

contact with the stationary plate, will also be zero, while the bottom layer, in contact with the 

moving plate, will be moving with   velocity uo. If we measure the velocity distribution across 

the intermediate fluid layers, we find that velocity changes linearly with distance y from the 

stationary plate: 

 

Let us assume that we can measure, e.g. by means of a calibrated spring or transducer, the 

horizontal force (-Fx, Fig) which must be applied, in the opposite direction to uo ,  to maintain the 

upper plate at rest; if we divide this force by the surface area of the plate, A, we find that this 

ratio, called the shear stress, is proportional to the velocity of the lower plate, uo ,and inversely 

proportional to the distance Y between the two plates: 

 

the proportionality constant between shear stress and the velocity gradient uo/Y is called the 

viscosity of the liquid, µ. Since, at steady state conditions, the velocity profile between the two 

plates is linear, every infinitesimal segment of the line is represented by the same relationship. 

Therefore, 

 

Newton's viscosity law's states that, the shear stress between adjacent fluid layers is 

proportional to the velocity gradients between the two layers. The ratio of shear stress to shear 

rate is a constant, for a given temperature and pressure, and is defined as theviscosity or 

coefficient of viscosity. 
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** Deatiled explanation of Newton’s law and problems on same will be given in the class 

 

Types of Fluids: 

 

1. Newtonian Fluids: The fluids which obey Newton’s Law are called Newtonian Fluids 

2. Non - Newtonian Fluids: The fluids which do not obey Newton’s Law are called Non -

Newtonian Fluids. These are inturn classified as: 

a. Thixotropic fluids 

b. Bingham Plastic 

c. Ideal – Non Newtonian Fluid 

 

Continuum and Free Molecular Flow 

• The concept of continuum is a kind of idealization of the continuous description of matter 

where the properties of the matter are considered as continuous functions of space variables. 

Although any matter is composed of several molecules, the concept of continuum assumes a 

continuous distribution of mass within the matter or system with no empty space, instead of the 

actual conglomeration of separate molecules.  

• Describing a fluid flow quantitatively makes it necessary to assume that flow variables 

(pressure, velocity etc.) and fluid properties vary continuously from one point to another. 

Mathematical description of flow on this basis has proved to be reliable and treatment of fluid 

medium as a continuum has firmly become established. For example density at a point is 

normally define 

V =  WXY∆�→\ ] ^
∆�_ 

Here ΔV is the volume of the fluid element and m is the mass 

• If ΔV is very large ρ is affected by the in homogeneities in the fluid medium. Considering 

another extreme if ΔV is very small, random movement of atoms (or molecules) would change 

their number at different times. In the continuum approximation point density is defined at the 

smallest magnitude of ΔV, before statistical fluctuations become significant. This is called 

continuum limit and is denoted by ΔVc. 

 

V =  WXY∆�→∆�`
] ^
∆�_ 

• One of the factors considered important in determining the validity of continuum model is 

molecular density. It is the distance between the molecules which is characterised by mean 

free path ( λ ).  

• It is calculated by finding statistical average distance the molecules travel between two 

successive collisions. If the mean free path is very small as compared with some characteristic 
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length in the flow domain (i.e., the molecular density is very high) then the gas can be treated 

as a continuous medium. If the mean free path is large in comparison to some characteristic 

length, the gas cannot be considered continuous and it should be analysed by the molecular 

theory.  

 

A dimensionless parameter known as Knudsen number, 

ab =  c
d 

where λ is the mean free path and L is the characteristic length. It describes the degree of 

departure from continuum. Usually when Kn> 0.01, the concept of continuum does not hold 

good.   

Beyond this critical range of Knudsen number, the flows are known as  

• Slip flow or continuum flow (0.01 < Kn < 0.1), 

• Transition flow (0.1 < Kn < 10) and 

• free-molecule flow (Kn > 10). 

However, for the flow regimes considered in this course, Kn is always less than 0.01 and it is 

usual to say that the fluid is a continuum. Other factor which checks the validity of continuum 

is the elapsed time between collisions. The time should be small enough so that the random 

statistical description of molecular activity holds good.  

In continuum approach, fluid properties such as density, viscosity, thermal conductivity, 

temperature, etc. can be expressed as continuous functions of space and time. 

For the calculations in Classical Aerodynamics, we always assume the flow to be continuous. 
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PRESSURE 

Pressure (symbol: p or P) is the force applied perpendicular to the surface of an object per 

unit area over which that force is distributed. Gauge pressure (also spelled gage pressure)
[a]

 is 

the pressure relative to the ambient pressure. 

Various units are used to express pressure. Some of these derive from a unit of force divided 

by a unit of area; the SI unit of pressure, the pascal (Pa), for example, is one newton per square 

metre; similarly, the pound-force per square inch (psi) is the traditional unit of pressure in 

the imperial and US customary systems. Pressure may also be expressed in terms of standard 

atmospheric pressure; the atmosphere (atm) is equal to this pressure, and the torr is defined as 
1
⁄760 of this.  

Manometric units such as the centimetre of water, millimetre of mercury, and inch of 

mercury are used to express pressures in terms of the height of column of a particular fluid in a 

manometer. 

Pascal's law 

Pascal's law (also Pascal's principle
 
or the principle of transmission of fluid-pressure) is a 

principle in fluid mechanics that states that a pressure change occurring anywhere in a confined 

incompressible fluid is transmitted throughout the fluid such that the same change occurs 

everywhere. The law was established by French mathematician Blaise Pascal in 1647–48. 

 Pascal's principle is defined as 

A change in pressure at any point in an enclosed fluid at rest is transmitted undiminished to all 

points in the fluid. 

This principle is stated mathematically as: 

∆e = :D (∆E) 

∆e is the hydrostatic pressure (given in pascals in the SI system), or the difference in pressure 

at two points within a fluid column, due to the weight of the fluid; 

ρ is the fluid density (in kilograms per cubic meter in the SI system); 

g is acceleration due to gravity (normally using the sea level acceleration due to Earth's gravity, 

in SI in metres per second squared); 

 

∆E is the height of fluid above the point of measurement, or the difference in elevation between 

the two points within the fluid column (in metres in SI). 

The intuitive explanation of this formula is that the change in pressure between 2 elevations is 

due to the weight of the fluid between the elevations. A more correct interpretation, though, is 

that the pressure change is caused by the change of potential energy per unit volume of the 

liquid due to the existence of the gravitational field.  Note that the variation with height does not 

depend on any additional pressures. Therefore, Pascal's law can be interpreted as saying that any 
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change in pressure applied at any given point of the fluid is transmitted undiminished 

throughout the fluid. 

 **Proof in the class notes 

Refer: https://user.engineering.uiowa.edu/~fluids/Posting/Lecture_Notes/Chapter2.pdf  

Absolute pressure: The actual pressure at a given position. It is measured relative to absolute 

vacuum (i.e., absolute zero pressure). 

Guage pressure: The difference between the absolute pressure and the local atmospheric 

pressure. Most pressure-measuring devices are calibrated to read zero in the atmosphere, and so 

they indicate gage pressure. 

Vacuum pressures: Pressures below atmospheric pressure. 

 

 

 

 

 

 

 

 

 

PRESSURE MEASURING DEVICES – MANOMETERS AND BAROMETERS 

Bourdon tube: Consists of a hollow metal tube bent like a hook whose end is closed and 

connected to a dial indicator needle. 

Pressure transducers: Use various techniques to convert the pressure effect to an electrical 

effect such as a change in voltage, resistance,or capacitance. 

Pressure transducers are smaller and faster, and they can be more sensitive, reliable, and 

precise than their mechanical counterparts. 

Strain-gage pressure transducers: Work by having a diaphragm deflect between two 

chambers open to the pressure inputs. 

Piezoelectric transducers: Also called solid- state pressure transducers, work on the principle 

that an electric potential is generated in a crystalline substance when it is subjected to 

mechanical pressure. 
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BAROMETER 

Atmospheric pressure is measured by a device called a barometer; thus, the atmospheric 

pressure is often referred to as the barometric pressure. 

 

•    A frequently used pressure unit is the standard atmosphere, which is defined as the pressure 

produced by a column of mercury 760 mm in height at 0°C (Hg = 13,595 kg/m
3

) under 

standard gravitational acceleration (g = 9.807 m/s
2

). 

The length or the cross-sectional area of the tube has no effect on the height of the fluid column 

of a barometer provided that the tube diameter is large enough to avoid surface tension 

(capillary) effects. 
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HYDROSTATIC PRESSRE AND CENTER OF PRESSURE 
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The Archimedes principle states that the buoyant 

force on a partially immersed body or a 

submerged body is equal to the weight of liquid 

displaced by the body and acts vertically upward 

through the centroid of the displaced volume.

Meta-centre: the point about which a body starts 

oscillating when the body is tilted by a small 

angle is called as the centre of buo

Meta-centric Height: the distance between the 

meta-centre of a floating body and centre of 

gravity of the body is called meta

 

For equilibrium, fg = � 

Due to symmetry of the situation, displaced volume remains unaltered 

and hence the buoyancy force 

Thus, fg′ = fg 

For couple calculation, fgcan be equivalently taken as a sum of 

volume of fluid OBB' and ∆fg (downward) due to decreased volume 

Let ∆h be the couple due to these 

a distance � from the center line (as shown in fig). Corresponding volume element is 

and the buoyant force is 2:D�∆Q5i
symmetrically located element on 

Therefore, integrating  

Now we have fg′ H = �H = ∆P  

Therefore, �� = :D∆Qj��  ⇒ � =
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Buoyancy or Buoyant Force 

The Archimedes principle states that the buoyant 

force on a partially immersed body or a 

qual to the weight of liquid 

displaced by the body and acts vertically upward 

through the centroid of the displaced volume. 

: the point about which a body starts 

oscillating when the body is tilted by a small 

angle is called as the centre of buoyancy. 

: the distance between the 

centre of a floating body and centre of 

gravity of the body is called meta-centric height.  

Due to symmetry of the situation, displaced volume remains unaltered 

can be equivalently taken as a sum of ∆fg (upward) due to added 

(downward) due to decreased volume OAA'  

be the couple due to these forces. Taking an element of area 5i on the surface 

from the center line (as shown in fig). Corresponding volume element is 

Q5i. This produces the couple 2:D�∆Q5i (due to 

ally located element on OA') 

∆h = 2:D∆Q 

l ��5i = :D∆Q 
mnomOB’

  

p ��5i = :D∆Q
 

qnoo r�nqmRo
j�� 

 where H is moment arm of fg′  about B. 

= st∆uvww
x   

Compiled By SWETHA BALA MNVS  

(upward) due to added 

on the surface OBB' at 

from the center line (as shown in fig). Corresponding volume element is �∆Q5i 

(due to 

Figure: buoyancy 
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Now, from figure yz = )
r{|∆u = st∆uvww

xr{|∆u = stvww
x   since 897∆Q → ∆Q 

Thus y} + z} = stvww
x  

Meta-centric height is given by     ∴  y} = stvww
x − z} 
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UNIT 2 

FLUID KINEMATICS 

Fluid  Kinematics -  Flow  visualization -  lines of flow -  types  of  flow -  velocity field  

and acceleration - continuity equation (one and three dimensional differential forms)- 

Equation of streamline – stream function – velocity potential function – circulation – flow 

net  

Rotaional and Irrotational flows, vorticity 

Introduction: 

 

Stream line is the imaginary line whose tangent at any point gives the velocity of the particle 

moving along the line. Mathematically written as 

@~� M 5G� = 0 

 Where @~� is the velocity vector, 

  5G� is the infinitesimally small line segment of streamline. 

A stream surface is defined as a continuous surface that is everywhere tangent to a specified 

vector. 

Stream tube is a bundle of streamlines where there is no velocity of particles across the tube. 

Path line is the trajectory of a particle in the fluid flow. For a steady uniform flow, path line 

coincides with the stream line. Path lines can intersect each other while the stream lines 

cannot. 

Streak line is the line joining the particles that have passed through a point in the flow field at 

any instant of time. The equation for a streak line is  

G� = >[f�G'~~~�, ��. �] 

 Where G� is the streak line, 

  G'~~~� is the point through which the points are passed, 

  � is the instant of time. 
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classification of flows: 

steady and unsteady flow 

In a steady flow, the properties of fluid do not change with time at any point. Whereas in an 

unsteady flow, fluid properties change with time. Here, streamlines change with respect to 

the time in unsteady flow. In Eulerian approach, a steady flow can be mathematically written 

as 

@~� = @�G��  
and  

<� = <(G�) 

Uniform and non-uniform flow 

The flow is defined as uniform flow when in the flow field the velocity and other 

hydrodynamic parameters do not change from point to point at any instant of time. When the 

velocity and other hydrodynamic parameters changes from one point to another the flow is 

defined as non-uniform flow. A uniform flow can be mathematically represented as 

@~� = @(�)  
 

laminar and turbulent 

The flow of fluid in the form of smooth layers is laminar and the flow with highly disordered 

fluid particles is turbulent. This type of flow mainly depends on the Reynolds number �o. 
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laminar - when �o < 2300 

transient - when 2300 < �o < 4000 

turbulent - when �o > 4000 

Transient flow is the region where the 

flow changes from laminar to turbulent. 

 

Figure: laminar and turbulent flows 
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**Numerical Problems on Continuity Equation to be solved in the class 

Kinematic Description of Fluid Flow 
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This is called Flow NET 

 

**Problems on Veolocity potential, Stream Function, Rotational and irrotational flows will 

be given in the class 
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UNIT – 3 

FLUID DYNAMICS 

Part 1: 

Fluid Dynamics: Surface & body forces, substantive derivative, local derivative and 

convective derivative, momentum equation, Euler equation, Bernoulli’s equation. 

Phenomenological basis of Navier-Stokes equation.  

 

Eulerian and Lagrangian Approach 
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Substantial/Total derivative:  

 

A Substantial derivative is the time derivative – rate of change – of a property following a fluid 

particle ‘p’. It is also called as Material derivative and is a Lagrangian concept. Mathematically 

represented as 

 

�
�� ≡ �

�� + �� ∙ ∇ 
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MOMENTUM EQUATION 

 

 

MOMENTUM EQUATION IN DIFFRENTIAL FORM 
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BERNOULLI’S EQUATION: 

Prinicple of Conservation of Energy: Energy remains constant in a system 

Bernoulli’s equation is the alternate form of energy equation 
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Fluid flow Measurement 
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APPENDIX – FOR INFORMATION 

 

FLUID FLOW MODELS – EULERIAN AND LAGRANGIAN 

APPROACH 

There are two approaches to describe the motion of a fluid and its associated properties. 1. 

Lagrangian approach 2. Eulerian approach 

Lagrangian approach:  

Identify (or label) a material of the fluid; track (or follow) it as it moves, and monitor change in 

its properties. The properties may be velocity, temperature, density, mass, or concentration, etc 

in the flow field.  

 
Refer the above-figure. 

 The ‘material’ or ‘particle’ of the fluid ‘A’ at time t has moved to some other location at time 

t’. Its property, say temperature, is recorded, as the material moves in the flow-field: Note that 

the recorded temperatures are associated with the same fluid particle, but at different locations 

and at different times.  

t1 -> T1 

t2 -> T2 

t3 -> T3….. 

Think of a temperature sensor attached to a balloon, both having negligible mass and floating 

in the atmosphere and recording the atmosphere-temperature or the temperature of the flow-

field.  

In such case, the following temperature-data are recorded by the sensor: The time change of 

the temperature in such a measurement is denoted as which is called material derivative or 

substantial derivative.  

 

Location  Time  Temperature 

X1 , Y1, Z1  t1  T1 

X2 , Y2, Z2  t2  T2 

X3 , Y3, Z3  t3  T3 
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It reflects time change in the temperature (or any other properties) of the labeled 

/marked/tagged fluid particles as observed by an observer moving with the fluid. 

 Lagrangian approach is also called “particle based approach”. 

 

Eulerian approach (a field approach) 

Identify (or label) a certain fixed location in the flow field and follow change in its property, as 

different materials pass through that location. In such case, the following property, say 

temperature is recorded by the sensor : 

t1 -> T1 

t2 -> T2 

tn -> Tn….. 

 

Note that the recorded temperatures are associated with the fixed location in the flow-fluid, 

having different fluid elements at different times. 

The time- change of the temperature in such a measurement is denoted as  ���
��_(x,y,z) which is 

called the partial derivative of the temperature with respect to time. Note that the suffix (x,y,z) 

implies that the observer records the change in the property at the fixed location (x,y,z). is also 

called the local rate of change of that property (temperature in this case). 

Based on the above, the following 4 approaches can be deduced for Mathematical modeling 

1. Control volume fixed in space 

2. Control volume moving in space 

3. Infinetisimal small Control volume fixed in space 

4. Infinetisimal small control volume moving in space 

 

For further more reading refer Fundamentals of Aerodynamics by John.D. Anderson 

 

FUNDAMENTAL PRINCIPLES GOVERNING THE FLUID FLOW 

There are three fundamental principles governing the fluid flow. Viz: 

1. Principle of conservation of Mass   -- Mathematical model for the same is Continuity 

Equation 

2. Principle of conservation of Energy   -- Mathematical model for the same is Energy Equation 

3. Principle of conservation of Momentum   -- Mathematical model for the same is Momentum 

Equation 

 

 

MATHEMATICAL EQUATIONS DERIVED FROM THE 

FUNDAMENTAL PRINCIPLES – GOVERNING EQUATIONS 

 

2.1 Continuity Equation (integral and differential forms) 
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Here, the control volume is fixed in space, with the flow moving through it . the volume V and 

control surface S are now constant with time, and the mass of fluid contained within the control 

volume can change as a function of time ( due to unsteady fluctuations of the flow field).

Consider a given area A arbitrarily oriented in a flow field as shown in t

figure we are looking at an edge view of area A. 

Let A be small enough such that the flow velocity V is uniform across A. Consider the fluid 

elements with velocity V that pass through A. In time 

distance Vdt and have swept out the shaded volume shown in figure 7.1 . This volume is equal 

to the base area A times the height of the cylinder V

normal to A i.e., 

The mass inside the shaded volume is therefor

……………………………………………………… (7.1)

This is the mass that has swept past A in time 

mass crossing A per second (e.g., kilograms per second, slugs per second).

Let ṁ denote mass flow. From equation (7.1)

 

Or 

………………………………………………………… (7.2)

sketch for discussion of mass flow through area A in a flow field.

Equation (7.2) Demonstrates that mass flow through A is given by the Product
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Here, the control volume is fixed in space, with the flow moving through it . the volume V and 

l surface S are now constant with time, and the mass of fluid contained within the control 

volume can change as a function of time ( due to unsteady fluctuations of the flow field).

Consider a given area A arbitrarily oriented in a flow field as shown in the figure 7.1. In this 

figure we are looking at an edge view of area A.  

Let A be small enough such that the flow velocity V is uniform across A. Consider the fluid 

elements with velocity V that pass through A. In time dt after crossing A, they have moved 

and have swept out the shaded volume shown in figure 7.1 . This volume is equal 

to the base area A times the height of the cylinder Vndt, where Vn is the component of velocity 

 

The mass inside the shaded volume is therefore  

……………………………………………………… (7.1)

This is the mass that has swept past A in time dt. By definition, the mass flow through A is the 

mass crossing A per second (e.g., kilograms per second, slugs per second). 

denote mass flow. From equation (7.1) 

 

………………………………………………………… (7.2)

 
sketch for discussion of mass flow through area A in a flow field.

 

Equation (7.2) Demonstrates that mass flow through A is given by the Product 

Compiled By SWETHA BALA MNVS  

Here, the control volume is fixed in space, with the flow moving through it . the volume V and 

l surface S are now constant with time, and the mass of fluid contained within the control 

volume can change as a function of time ( due to unsteady fluctuations of the flow field). 

he figure 7.1. In this 

Let A be small enough such that the flow velocity V is uniform across A. Consider the fluid 

after crossing A, they have moved a 

and have swept out the shaded volume shown in figure 7.1 . This volume is equal 

is the component of velocity 

……………………………………………………… (7.1) 

. By definition, the mass flow through A is the 

………………………………………………………… (7.2) 

sketch for discussion of mass flow through area A in a flow field. 
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A related concept is that of mass flux, defined as the mass flow per unit area. 

……………………………………………….. (7.3) 

Typical units of mass flux are kg/(s.m
2
) and slug/(s.ft

2
). 

The concepts of mass flow and mass flux are important. Note from equation (7.3) the mass flux 

across a surface is equal to the product of density times the component of velocity 

perpendicular to the surface. 

In a more general sense, if V is the magnitude of velocity in an arbitrary direction, the product 

ρV is physically the mass flux (mass flow per unit area) across an area oriented perpendicular 

to the direction of V. 

We are now ready to apply our first physical principle to a finite control volume fixed in space. 

Physical Principle: Mass can neither be created nor destroyed. 

Consider a flow field wherein all properties vary with spatial location and time e.g. 

ρ=ρ(x,y,z,t). In this flow field, consider the fixed finite control volume shown in below figure. 

At a point on the control surface, the flow velocit V and the vector elemental surface area is 

dS. Also dV is an elemental volume inside the control volume. Applied to this control volume, 

the above physical principle means 

…………………………(7.4a) 

Or                        B=C 

…………………………………………………………………………………………………(7.

4b) 

Where B and C are just convenient symbols for the left and right sides, respectively, of 

equation (7.4a). first let us obtain an expression for B in terms of the quantities shown in figure  

7.2 below. From equation (7.2), the elemental mass flow across the area dS is  

 

Examining the figure 7.2, note that by convention, dS always point in a direction out of the 

control Volume. Hence, when V also point out of the control volume(as shown in figure 7.2), 

the product ρV. dS is posititve. 
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2.2 Finite Control volume fixed in space 

Moreover, when V points out of the control volume, the mass flow is physically leaving the 

control volume; i.e., it is an outflow. Hence, a positive ρV. dS denotes an outflow. In turn, 

when V points into the control volume, ρV. dS is negative . moreover, when V points inward, 

the mass flow is physically entering the control volume; i.e., it is an inflow. Hence , a negative 

ρV. dS denotes an inflow. The net mass flow out of the entire control surface S is the 

Summation over S of the elemental mass flow, in the limit, this becomes a surface integral, 

which is physically the left side of equations(7.4a&b); i.e., 

………………………………………………….(7.5) 

Now consider the right side of equations (7.4a&b). the mass contained within the elemental 

volume dV is  

 

Hence, the total mass inside the control volume is  

 

The time rate of increase of mass inside V is then  

 

 

In turn, the time rate of decrease of mass inside V is the negative of the above; i.e., 
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………………………………………………………………………..……(7.6) 

Thus, substituting equations (7.5) and (7.6) into (7.4 b), we have 

                       
 

Or  

…………………………………………………….. (7.7) 

The above equation is called the Continuity equation. It is one of the most fundamental 

equations of fluid dynamics. It expresses the continuity equation in integral form. 

However, equations (7.7) is fixed in space, the limits of integration are also fixed. Hence the 

time derivative can be placed inside the volume integral and equation (7.7) can be written as  

…………………………………………. (7.8) 

Applying the divergence theorem, we can express the right-hand term of equation (7.8) as  

……………………………………………. (7.9) 

 

Substituting Equation (7.9) into (7.8), we obtain 

                               
Or 

…………………………………………………… (7.10) 

However, the finite control volume is arbitrarily drawn in space, there is no reason to expect 

cancellation of one region by the other. Hence, the only way for the integral in equation (7.10) 
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to be zero for an arbitrarily control volume is for the integrand to be zero at all points within 

the control volume. Thus, from equation (7.10), we have 

………………………………………………………..………(7.11) 

Equation (7.11) is the continuity equation in the form of a partial differential equation. This 

equation relates the flow field variables at a point in the flow, as opposed to the equation (7.7), 

which deal with a finite space. 

It is important to emphasize the difference between unsteady and steady flows. In an unsteady 

flow, the flow-field variables are a function of both spatial location and time, e.g,  

 

This means that if you lock your eyes on one fixed point in space, the density at that point will 

change with time. Such unsteady fluctuations can be caused by time-varying boundaries. 

Equations (7.7) and (7.10) hold for such unsteady flows. On the other hand, the vast majority 

of practical aerodynamic problems involve steady flow. Here, the flow-field variables are a 

function of spatial location only, e.g. 

 

The density at that point will be a fixed value, invariant with time. For steady flow   

and hence Equations (7.7) and (7.10) reduce to  

…………………………………………………………………. 

(7.12) 

And  

…………………………………………………………………………….(7.13) 

 

 


