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VISION OF THE INSTITUTION 

To mould true citizens who are millennium leaders and catalysts of change through excellence in 

education. 

MISSION OF THE INSTITUTION  

NCERC is committed to transform itself into a center of excellence in Learning and Research 

in Engineering and Frontier Technology and to impart quality education to mould technically 

competent citizens with moral integrity, social commitment and ethical values. 

  

We intend to facilitate our students to assimilate the latest technological know-how and to 

imbibe discipline, culture and spiritually, and to mould them in to technological giants, 

dedicated research scientists and intellectual leaders of the country who can spread the beams 

of light and happiness among the poor and the underprivileged. 

 

ABOUT DEPARTMENT 

 Established in: 2002 

 Course offered  :  B.Tech in Mechanical Engineering 
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 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

DEPARTMENT VISION 

Producing internationally competitive Mechanical Engineers with social responsibility & 

sustainable employability through viable strategies as well as competent exposure oriented 

quality education. 

DEPARTMENT MISSION 

1. Imparting high impact education by providing conductive teaching learning 

environment.  

2. Fostering effective modes of continuous learning process with moral & ethical values.  

3. Enhancing leadership qualities with social commitment, professional attitude, unity, 

team spirit & communication skill.  

4. Introducing the present scenario in research & development through collaborative 

efforts blended with industry & institution.  

PROGRAMME EDUCATIONAL OBJECTIVES 

PEO1: Graduates shall have strong practical & technical exposures in the field of Mechanical 

Engineering & will contribute to the society through innovation & enterprise. 

PEO2: Graduates will have the demonstrated ability to analyze, formulate & solve design 

engineering / thermal engineering / materials & manufacturing / design issues & real life 

problems. 

PEO3: Graduates will be capable of pursuing Mechanical Engineering profession with good 

communication skills, leadership qualities, team spirit & communication skills. 

PEO4: Graduates will sustain an appetite for continuous learning  by pursuing higher 

education & research in the allied areas of technology. 

 

PROGRAM OUTCOMES (POS) 

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 
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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 teamwork: 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 multidisciplinary 

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. 

 

PROGRAM SPECIFIC OUTCOMES (PSO) 

PSO1: Students able to apply principles of engineering, basic sciences & analytics 

including multi variant calculus & higher order partial differential equations.. 

 

PSO2: Students able to perform modeling, analyzing, designing & simulating physical 

systems, components & processes. 

 

PSO3: Students able to work professionally on mechanical systems, thermal systems & 

production systems 
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Course No. Course Name L-T-P-Credits Year of Introduction 
ME206 FLUID MACHINERY 2-1-0-3 2016 

Prerequisite:  ME203 Mechanics of Fluids 
Course Objectives:   

1. To acquire knowledge on hydraulic machines such as pumps and turbines 
2.  To understand the working of air  compressors and do the analysis   

 
Syllabus 
 Impact of jets, Hydraulic Turbines, Rotary motion of liquids, Rotodynamic pumps, Positive 
displacement pumps,  , Compressors 
Expected outcome: At the end of the course the students will be able to 

1. Discuss  the characteristics of centrifugal pump  and reciprocating pumps  
2. Calculate forces and work done by a jet on fixed or moving plate and curved plates  
3. Know  the working of turbines and select the type of turbine for an application. 
4. Do the   analysis of  air compressors and select the suitable one for a specific application 

Text Books: 
1. Som, Introduction to Fluid Mechanics and Fluid Machines ,McGraw Hill Education India  2011 
2.    Bansal R. K., A Textbook of Fluid Mechanics and Hydraulic Machines, Laxmi 

Publications,2005. 
      
Reference Books: 

1. Cengel Y. A. and J. M. Cimbala, Fluid Mechanics, Tata McGraw Hill, 2013 
2. Yahya S. M, Fans, Blower and Compressor, Tata McGraw Hill, 2005.  
3. Shepherd D. G, Principles of Turbo Machinery, Macmillan, 1969.  
4. Stepanoff A. J, Centrifugal and Axial Flow Pumps, John Wiley & Sons, 1991.  
5. Rajput R. K, Fluid Mechanics and Hydraulic Machines, S. Chand & Co.,2006. 

     6.   Subramanya, Fluid mechanics and hydraulic machines, 1e McGraw Hill Education       
India,2010 
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Course Plan 

 
Module 

 
                                     Contents 

 
Hours 

Sem. 
Exam 
Marks 

 
 
 
 
I 

Impact of jets: Introduction to hydrodynamic thrust of jet on a fixed and 
moving surface (flat and curve),– Series of vanes - work done and 
efficiency  
Hydraulic Turbines :  Impulse and Reaction Turbines – Degree of 
reaction – Pelton Wheel – Constructional features  - Velocity triangles 
– Euler’s equation – Speed ratio, jet ratio and  work  done , losses and 
efficiencies, design of Pelton wheel –   Inward and outward flow 
reaction turbines- Francis Turbine – Constructional features – Velocity 
triangles, work  done and efficiencies.   

 
 
 
 
       7 

 
 
 
 
 
15% 

 
 

II 

Axial flow  turbine (Kaplan) Constructional features – Velocity 
triangles- work  done and efficiencies – Characteristic curves of 
turbines – theory of draft  tubes – surge tanks – Cavitation in turbines –
Governing of turbines – Specific speed of turbine , Type Number–
Characteristic curves, scale Laws – Unit speed – Unit discharge and 
unit power. 

 
 
 
       7 

 
 
 
 
15% 

FIRST INTERNAL EXAM 

III 

Rotary motion of liquids – free, forced and spiral vortex flows 
Rotodynamic pumps- centrifugal pump impeller types,-velocity 
triangles-manometric head- work, efficiency and losses, H-Q 
characteristic, typical flow system characteristics, operating point of a 
pump. Cavitation in centrifugal pumps- NPSH required and available-
Type number-Pumps in series and parallel operations. Performance 
characteristics- Specific speed-Shape numbers – Impeller shapes based 
on shape numbers. 

 7 15% 

IV 

 Positive displacement pumps- reciprocating pump – Single acting and 
double acting- slip, negative slip and work required and efficiency-
indicator diagram- acceleration head - effect of acceleration and 
friction on indicator diagram – speed calculation- Air vessels and their 
purposes, saving in work done to air vessels multi cylinder pumps. 
Multistage pumps-selection of pumps-pumping devices-hydraulic ram, 
Accumulator, Intensifier, Jet pumps, gear pumps, vane pump and lobe 
pump.  

7       15% 

SECOND INTERNAL EXAM 

V 

 Compressors: classification of compressors, reciprocating 
compressor-single stage compressor, equation for work with and 
without clearance volume,   efficiencies, multistage compressor, 
intercooler, free air delivered (FAD) 

 7 20% 

VI 

Centrifugal compressor-working, velocity diagram, work done, power 
required, width of blades of impeller and diffuser, isentropic 
efficiency, slip factor and pressure coefficient, surging and chocking. 
Axial flow compressors:- working, velocity diagram, degree of 
reaction, performance. Roots blower, vane compressor, screw 
compressor. 

 7 20% 

    END SEMESTER EXAM 
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Question Paper Pattern 
 Total marks: 100, Time: 3 hrs  
 The question paper should  consist  of  three parts 
Part A 
4 questions uniformly covering modules I and II. Each question carries 10 marks  
Students will have to answer any three questions out of  4 (3X10 marks =30 marks) 
 
Part B  
4 questions uniformly covering  modules III and IV. Each question carries 10 marks  
Students will have to answer any three questions out of 4 (3X10 marks =30 marks) 
 
Part C 
6 questions uniformly covering  modules V and VI. Each question carries 10 marks  
Students will have to answer any four  questions out of 6  (4X10 marks =40 marks) 
 
Note:  In all parts,  each  question can have a maximum of  four sub questions, if needed. 
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Course Outcome 

CO No. Course Outcome 

C206.1 Analyze the impact of jets, impulse turbines and radial flow reaction turbines 

C206.2 Analyze the axial flow turbine and characteristics of turbines 

C206.3 
Analyze the principle of operation, and performance characteristics of Centrifugal 

pumps. 

C206.4 
Analyze the working principles and performance of reciprocating pumps and summarize 

the various hydraulic devices 

C206.5 Analyze the working principles and performance of reciprocating compressors 

C206.6 
Analyze the working principles and performance of centrifugal and axial flow 

compressors 

 

CO-PO-PSO Mapping 

CO Vs PO 

ME206 
COUR

SE 

COUT

COME 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 
PO1

0 

PO1

1 

PO1

2 

PSO

1 

PSO

2 

PSO

3 

C206.1 3 2 2 - - 1 - - - - - 2 2 3 2 

C206.2 3 2 2 - 2 1 - - - - - 2 2 3 2 

C206.3 3 2 2 - 2 1 - - - - - 2 2 3 2 

C206.4 3 2 2 - 2 1 - - - - - 2 2 3 2 

C206.5 3 2 2 - 2 1 - - - - - 2 2 3 2 

C206.6 3 2 2 - 2 1 - - - - - 2 2 3 - 
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QUESTION BANK 

MODULE 1 

SL NO QUESTIONS CO KL 

1 
Give example for a low head, medium head and high head 

turbine. 
CO1 K2 

2 What is impulse turbine? Give example CO1 K2 

3 What is reaction turbine? Give example CO1 K2 

4 

At a location for a hydroelectric plant, the head available (net) 

was 335 m. The power availability with an overall efficiency 

of 86% was 15500 kW. The unit is proposed to run at 500 rpm. 

Assume Cv = 0.98, φ = 0.46, Blade velocity coefficient is 0.9. 
If the bucket outlet angle proposed is 165° check for the 

validity of the assumed efficiency. 

CO1 K4 

5 

The jet velocity in a pelton turbine is 65 m/s. The peripheral 

velocity of the runner is 25 m/s. The jet is deflected by 160° by 

the bucket. Determine the power developed and hydraulic 

efficiency of the turbine for a flow rate of 0.9 m3 /s. The blade 

friction coefficient is 0.9 

CO1 K4 

6 

A Francis turbine works under a head of 120 m. The outer 

diameter and width are 2 m and 0.16 m. The inner diameter 

and width are 1.2 m and 0.27 m. The flow velocity at inlet is 

8.1 m/s. The whirl velocity at outlet is zero. The outlet blade 

angle is 16°. Assume ηH = 90%. Determine, power, speed and 

blade angle at inlet and guide blade angle 

CO1 K4 

7 

In an inward flow reaction turbine the working head is 10 m. 

The guide vane outlet angle is 20°. The blade inlet angle is 

120°. Determine the hydraulic efficiency assuming zero whirl 

at exit and constant flow velocity. Assume no losses other than 

at exit 

CO1 K4 

8 Define hydraulic efficiency CO1 K2 

9 Define mechanical efficiency CO1 K2 

10 Define volumetric efficiency CO1 K2 

 

MODULE 2 

SL NO QUESTIONS CO  KL 

1 

A Kaplan turbine delivers 30 MW and runs at 175 rpm. 

Overall efficiency is 85% and hydraulic efficiency is 91%. The 

tip diameter 5 m and the hub diameter is 2 m. determine the 

head and the blade angles at the mid radius. The flow rate is 

140 m3 /s. 

CO2 K4 

2 

A Kaplan turbine delivers 10 MW under a head of 25 m. The 

hub and tip diameters are 1.2 m and 3 m. Hydraulic and overall 

efficiencies are 0.90 and 0.85. If both velocity triangles are 
CO2 K4 
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right angled triangles, determine the speed, guide blade outlet 

angle and blade outlet angle. 

3 
What is draft tube, Describe with neat sketches two different 

types of drat tubes. 
CO2 K4 

4 Define specific speed of a turbine CO2 K2 

5 
Derive an expression for specific speed, what is the 

significance of specific speed. CO2 K4 

6 
What are unit quantities, Define the unit quantities for a 

turbine CO2 K2 

7 
Obtain an expression for unit speed, unit discharge, and unit 

power for a turbine. CO2 K4 

8 
What do you understand by characteristics curves of a turbine, 

Name the important types. 
CO2 K3 

9 
Define the term governing of a turbine. Describe with neat 

sketch the working of an oil pressure governor. 
CO2 K4 

10 Explain the difference between Kaplan and Propeller turbines. CO2 K3 

 

 

MODULE 3 

SL NO QUESTIONS CO  KL 

1 
Define a centrifugal pump; explain the working of a single 

stage centrifugal pump with sketches. 
CO3 K2 

2 
Differentiate between the volute casing and vortex casing for 

the centrifugal pump. 
CO3 K4 

3 
Obtain an expression for the work done by impeller of a 

centrifugal pump on water per unit weight of water 
CO3 K4 

4 
Define the terms- suction head, delivery head, static head and 

monometric head 
CO3 K2 

5 
Define the terms- manometric efficiency, mechanical 

efficiency and overall efficiency. 
CO3 K2 

6 
Define specific speed of a centrifugal pump, derive an 

expression for the same. 
CO3 K4 

7 
What do you understand by characteristic curve of a pump? 

What is the significance of these curves? 
CO3 K3 

8 

A centrifugal pump running at 900 rpm has an impeller 

diameter of 500 mm and eye diameter of 200 mm. The blade 

angle at outlet is 35° with the tangent. Determine assuming 

zero whirl at inlet, the inlet blade angle. Also calculate the 

absolute velocity at outlet and its angle with the tangent. The 

flow velocity is constant at 3 m/s. Also calculate the 

manometric head. 

CO3 K4 

9 What is meant by Priming? CO3 K2 

10 The dimensionless specific speed of a centrifugal pump is CO3 K4 
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0.06. Static head is 30 m. Flow rate is 50 l/s. The suction and 

delivery pipes are each of 15 cm diameter. The friction factor 

is 0.02. Total length is 55 m other losses equal 4 times the 

velocity head in the pipe. The vanes are forward curved at 

120°. The width is one tenth of the diameter. There is a 6% 

reduction in flow area due to the blade thickness. The 

manometric efficiency is 80%. Determine the impeller 

diameter. 

 

MODULE 4 

SL NO QUESTIONS CO  KL 

1 
What is a reciprocating pump? Describe the principle and 

working of a reciprocating pump with a neat sketch. CO4 K3 

2 
Define slip, percentage of slip and negative slip of a 

reciprocating pump. CO4 K2 

3 

Define indicator diagram, how will you prove that the area of 

indicator diagram is proportional to the work done by the 

reciprocating pump. 
CO4 K4 

4 

Draw an indicator diagram; consider the effect of acceleration 

and friction in suction and delivery pipes. Find an expression 

for the work done / sec in case of single acting reciprocating 

pump. 

CO4 K4 

5 
What is an air vessel; describe the function of the air vessel for 

reciprocating pumps. CO4 K2 

6 

Show from first principle that the work saved against friction 

in the delivery pipe of a single acting reciprocating pump by 

fitting an air vessel is 84.8% while for a double acting 

reciprocating pump the work saved is only 39.2%. 

CO4 K3 

7 
What is hydraulic accumulator; explain its principle and 

working 
CO4 K2 

8 Explain the working of hydraulic intensifier with neat sketches CO4 K2 

9 
Explain the working of the following devices in detail, Jet 

pump, Lobe pump, Vane pump and screw pump. 
CO4 K4 

10 

A single acting reciprocating pump, running at 60 rpm delivers 

0.53m3 of water per minute. The diameter of the piston is 200 

mm and stroke length 300 mm. The suction and delivery heads 

are 4 m and 12 m respectively. Determine Theoretical 

discharge, Co-efficient of discharge, % slip of the pump and 

Power required running the pump. 

CO4 K3 
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MODULE 5 

SL NO QUESTIONS CO  KL 

1 What is the application of compressed air? CO5 K2 

2 Write a short note on double acting air compressor. CO5 K3 

3 

A single acting reciprocating pump has a piston diameter 

100mm and stroke length 200 mm. The length and diameter of 

the suction pipe are 6.5 m and 50 mm respectively. If the 

suction lift of the pump is 3.2 m and separation occurs when 

the pressure in the pump falls below 2.5 m of water absolute. 

The barometer reads 763 mm of mercury. Find the maximum 

speed at which the pump can run without separation in the 

suction pipe. 

CO5 K2 

4 

A single stage reciprocating air compressor is compressing 2 

Kg of air per minute at 1 bar 20 C and delivers it at 7 bar. 

Assume compression process follows the law PV1.3 =C. 

Calculate indicated power input to compressor. Neglect 

clearance. 

CO5 K3 

5 
Derive the condition for minimum work required for a 2-stage 

reciprocating air compressor. 
CO5 K2 

6 
What is the volumetric efficiency of a reciprocating air 

compressor? 
CO5 K4 

7 
What is isothermal efficiency of a reciprocating air 

compressor? 
CO5 K2 

8 Define free air delivered (FAD) CO5 K3 

 

MODULE 6 

SL NO QUESTIONS CO  KL 

1 What are the main components of a centrifugal compressor? CO6 K2 

2  Define slip factor CO6 K3 

3 What is work factor? CO6 K2 

4 What is meant by stalling? CO6 K4 

5 
Discuss the merits and demerits of a centrifugal compressor 

over axial flow compressor. 
CO6 K2 

6 
Derive the expression for width of impeller blade for 

centrifugal compressor. 
CO6 K2 

7 

Write a short note on the following devices. 

 a. Lobe compressor 

 b. Vane compressor 

 C. Screw compressor. 

 d. Roots blower. 

 

CO6 K4 

8 What is Degree of Reaction? CO6 K3 
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APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

SLNO. WEB SOURCE REFERENCES 

1 http://nptel.ac.in/courses/Webcourse-contents/IIT-

KANPUR/machine/ui/Course_home-7.htm 

2 http://nptel.ac.in/courses/112105182/9 

3 http://www.slideshare.net/ArchieSecorata/fluid-mechanicsfundamentals-and-

applications-by-cengel-cimbala-3rd-c2014-txtbk 

4 https://www.youtube.com/watch?v=RBVgwpYUp18 

5 https://www.youtube.com/watch?v=KqfYobOYRTc 
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