








 

TD SET-I

TD SET-II 

TD SET-III 

 

 TD SET-IV

 

 

1 Explain with a neat sketch the construction details of  I.C engine mechanism and name the principal 

components 

2. With neat sketches, explain the working principle of Four Stroke Spark Ignition Engine 

3 Compare and contrast the differences between S.I Engine with C.I Engine 

4 Explain the Valve Timing Diagram of Four Stroke Diesel Engine with diagram. 

 

1 Explain the working principle of two stroke S.I engine with a diagram 

2. Explain the working of a Four Stroke C.I Engine with a neat sketch 

3 Compare and contrast the differences between Four-stroke Cycle Engine and Two-Stroke 

Cycle Engine 

4 Explain the Port Timing Diagram for 2-Stroke Diesel Engine with diagram 

 

 

 

1 

 Steam at 20 bar,360 deg C, is expanded in a steam turbine to 0.08 bar.It then    
 enters a condensor where it is condensed to saturated liquid water.The pump   
 feed back the water into the boiler(a) assuming ideal process.find per kg of steam   
 the network and the cycle efficiency 

 
2. 

 In a Steam Power Plant,the steam enter the turbine at 30 bar and 350 Deg C, and is  

 condensed in the condenser at a pressure of0.75 bar.Determine the efficiency of   

 Rankine Cycle considering the pump work 

 
3 

  

  Give the comparison between fire tube and water tube boilers 

 
4 

  

  Explain simple Babcock and Wilcox water tube boiler with Neat Sketch? 

 

1 

 In an Ideal Rankine cycle steam at 150 bar and 500 deg C, enters the turbine and   
 the condenser operates at 10 KPa.If the power output of the cycle is 100  
 MW .Determine 1) The Mass flow of Steam 2.) Thermal Efficiency of the cycle 
 

 
2. 

 In a Rankine Cycle,the steam at inlet to turbine is saturated at a pressure of 35 bar  

 and the exhaust pressure is 0.2 bar.Determine 1)The Pump Work 2)The Turbine   

 Work 3) The Rankine Efficiency 

 

3 
  

  How are the steam boilers classified? 

 
4 

 

  State and describe the working of Lancashire boiler 

 



 

 

 

 



 
      Set.4. 

 



Set.1. Objective Question  

     

1.  For an efficient I.C engine,the thermal efficiency at a rated load ranges between.                      

                                                                                                                       (        ) 

a) 10 to 20%                                                           b) 30 to 35 % 

c) 65 to 70%                                                           d) 80 to 90% 

 

2. The mass of exhaust gases is the,                                                                   (         ) 

a) Mass of fuel supplied                   b) Mass of air supplied 

c) Masses of air and fuel supplied          d) None of the above 

 

3.A reciprocating compressor is a type of,                                                        (         ) 

a) Positive displacement    b) Negative Displacement 

c) Dynamic action type    d) None of the above 

 

4. Fuel consumption against brake power in a diesel engine is,                          (        ) 

a) Linear         b) Hyperbolic 

c) Parabolic              d) Not predictable 

 

5  The ideal work of compressing 1 kg of air with an increase in clearance volume     

                                                                                                                  (       ) 

a) Increases                                                           b)  Decreases 

c) First increases then decreases                             d)  Remains same 

6) The C.O.P is always _____________one                                               (          ) 

a) Less than                                                      b) Greater than 

c) Equal to                                                       d) None of the above 

7) In a domestic vapour compression system,the commonly used refrigerant is,    (          ) 



a) SO22                                                                                     b) CO2 

c) Ferron-12                                                        d) NH3 

8)   The centrifugal and axial flow compressor are the types of                       (           ) 

a) displacement compressor 

b) steady-flow compressor 

c) both of the mentioned 

d) none of the mentioned 

9) The compressor shows cyclic and back flow of compressed air during,         (            ) 

a) Pressure coefficient                                         b) Choking 

c) Surging                                                           d) None of the above 

10) During a refrigeration process,the heat is rejected in ___________by the refrigerant                                                                                                     

                                                                                                                    (              ) 

a)  Condenser                                                      b) Compressor 

c) Expansion valve                                               d) Evaporator 

 

II. Fill in the blanks            10x1/2=5M 

1)  Mechanical efficiency is defined as the ratio of _______________and ________________ 

2)  The performance of an engine is generally given by ________________ 

3)  The function of a _______________ is to take a definite amount of air and deliver it adesired  

      pressure 

4)   ________________ is a machine used for compressing low pressure air and delivering it  

       h igh pressure 

5)   The roots blower compressor is used for _________________and___________________of              

      two -stroke engines. 

6)   In vane type of compressor the inlet passage is _______________than outlet passage. 

7)  The compressors that are used for producing medium pressure gas is ________________ 

8)  The method of cooling or removing heat from a system is known as __________________ 

9)  The C.O.P is always ___________________one. 

10)  During a refrigetaion cycle,heat is rejected by the __________________in a condenser. 



Set.2. 

1. The intake charge in a diesel engine consists of                             (       ) 

a) air alone                                    b) air + lubricating oil 

c) air + fuel                                   d) air + fuel + lubricating oil 

 

2. Gudgeon pin forms the link between                                               (        ) 

a) piston and big end of connecting rod 

b) piston and small end of connecting rod 

c) connecting rod and crank 

d) big end and small end 

 

3.In a four-stroke engine cam shaft rotates at                                       (       ) 

a) same speed as crankshaft 

b) twice the speed of crankshaft 

c) half the speed of crankshaft 

d) none of the above 

 

4. Thermal efficiency of CI engine is higher than that of SI engine  

     due to                                                                                              (        ) 

a) fuel used 

b) higher compression ratio 

c)constant pressure heat addition 

d) none of the above 

 

5.SI engines are                                                                                 (          ) 

a) light weight 

b) high speed 

c) homogeneous change of fuel and oil 

d) all of the above 

 

6. Compression ratio in diesel engine is of the order of                       (       ) 

a)   5-7                                                          b) 7-10 

c)   10-12                                                      d) 14-20    

 

7.Main advantage of a two- stroke engine over four-stroke engine is (       ) 

a) more uniform torque on the crankshaft 

b) more power output for the cylinder of same dimensions 

c) absence of valves 

d) all of the above 

 

8. Engines used for ships are normally 

a) four-stroke SI engines of very high power 

b) two-stroke CI engines of very high power 



c) four-stroke CI engines of high speed 

d) two-stroke SI engines of high power 

 

9.The volumetric efficiency of the SI engine is comparatively          (         ) 

a) lower than CI engine 

b) higher than CI engine 

c) will be same as CI engine 

d) none of the above 

 

10.In a two stroke engine,the working cycle is completed in,            (         ) 

a) One revolution of crankshaft   b) Two revolution of crankshaft 

c) Three revolution of crankshaft  d) Four revolution of crankshaft 

 

 

II. Fill in the blanks          10x1/2=5M 

1. Thermal efficiency of a two stroke engine is _______________a four stroke engine. 
 

2. Carburettor is used ________________ engines 
 

3. During starting, the rich fuel-air ratio is needed in _______________  
engine. 

4. During suction stroke, in a four stroke engine _________________ is sucked inside cylinder 

5. A ______________ maintains constant speed and stores excess energy. 
6. In a four stroke engine, the camshaft runs at ____________the speed of crankshaft 
7. The working pressure and temperature inside the cylinder is ________________in I.C.engines. 
8. The consumption of lubricating oil is large in a ________________engine 
9. A _______________ is considered as heart of an I.C engine 
10. During starting, the rich fuel-air ratio is needed in _________engine 
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD 

B.Tech II Year II Semester Examinations, May - 2017 

THERMAL ENGINEERING – I 
(Common to ME, AME) 

Time: 3 Hours                            Max. Marks: 75 

Note:  This question paper contains two parts A and B. 

Part A is compulsory which carries 25 marks. Answer all questions in Part A.                          

 Part B consists of 5 Units. Answer any one full question from each unit. Each question 

 carries 10 marks and may have a, b, c as sub questions. 

 

PART- A  

(25 Marks) 

 

1.a) What are the different strokes in two stroke engines.    [2]  

   b) List out the differences between the SI engine and CI engine.  [3] 

   c) What is meant by Cetane number?      [2] 

   d) Describe the three desirable properties of CI engine fuels.   [3] 

   e) What is the importance for measurement of exhaust gas temperature? [2]  

   f) List out the functions of compressors.     [3] 

   g) On which principle the centrifugal pump works.    [2]  

   h) Explain the importance of slip factor in compressor.    [3] 

   i) What is meant by tonne of refrigeration?     [2] 

   j) List out the advantages of air refrigeration.     [3] 

 

PART-B  

(50 Marks) 

 

2.a) How does the Zenith carburetor fulfill the requirements of a good carburetor. 

   b) Explain the working of battery ignition system with the neat sketch.  [5+5] 

OR 

3.a)  Explain the working of solid injection system with neat sketch. 

   b) Explain the working of splash lubricating system with neat sketch.   [5+5] 

  

4.a) Briefly explain the stages of combustion in SI engines elaborating the flame front 

 propagation. 

  b)  Explain the effect of various engine variables on SI engine knock.   [5+5]  

OR 

5.a) What are the methods to be followed to avoid knocking in SI engine. 

   b) What are anti knock agents? Indicate the substances used and their effects on reducing of 

 knocking.          [5+5] 
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6. During a test on a diesel engine the following observations were made: 

The power developed by the engine is used for driving a D.C. generator. The output of 

the generator was 210 A at 200V; the efficiency of generator being 82%.The quantity of 

fuel supplied to the engine was 11.2 kg/h; calorific value of fuel being 42600kJ/kg. The 

air-fuel ratio was 18:1. The exhaust gases were passed through a exhaust gas calorimeter 

for which the  observations were as follows:  

Water circulated through exhaust gas calorimeter = 580 liters/hr. Temperature rise of 

water through calorimeter=36
0
C. Temperature of exhaust gases at exit from 

calorimeter=98
0
C. Ambient temperature=20

0
C. 

 Heat lost to jacket cooling water is 32% of the total heat supplied. 

 If the specific heat of exhaust gases be 1.05kJ/kg K. Draw up the heat balance sheet on 

 minute basis.          [10] 

OR 

7.a) Explain the air box method for the measurement of air consumption in internal 

 combustion engine. 

   b) A six cylinder, 4 stroke SI engine having a piston displacement of 700cm
3
 per cylinder 

 developed 78kW at 3200r.p.m. and consumed 27 kg of petrol per hour. The calorific 

 value of petrol is 44 MJ/kg. Estimate: 

 i) The volumetric efficiency of the engine if the air-fuel ratio is 12 and intake air is at 0.9

 bar, 32
0
C   ii) The brake thermal efficiency    iii) The brake torque 

For air, R=0.287kJ/kg K.        [5+5] 

 

8. A centrifugal compressor running at 8000 rpm delivers 660m
3
/min of free air. The air is 

 compressed from 1.01 bar and 15
0
C to a pressure of 3 with an isentropic efficiency of 

 80%. Blades are radial at outlet of impeller and flow velocity of 60 m/s may be assume 

 throughout constant. The outer radius of impeller is thrice the inner and the slip factor 

 may be assumed as 0.8.The blade area coefficient may be assumed 0.8 at inlet. Calculate: 

 a) Final temperature of air  b) Theoretical power  c) Impeller diameters at inlet and outlet  

 d) Breadth of impeller at inlet  e) Impeller blade angle at inlet  f) Diffuser blade angle at 

 inlet.           [10]  

OR 

9.a) Explain the working of roots blower compressor with neat sketch. 

   b) A centrifugal compressor delivers 50 kg of air per minute at a pressure of 2 bar and                  

 97
0
 C. The intake pressure and temperature of air is 1 bar and 15

0
C. If no heat is lost to 

 the surrounding, find: i) index of compression ii) Power required, if the compression is 

 isothermal, Take R=287/kg K.       [5+5] 

 

10.a) Explain the working of Vapour compression refrigeration system with a neat diagram. 

     b)  A Carnot cycle machine operates between the temperature limits of 47
0
C and -30

0
C.

 Determine the COP when it operates as i) refrigerating machine ii) A heat pump                

 iii) A heat engine.         [5+5] 

OR 

11.a) Explain the working of vapour absorption system with neat sketch. 

     b) A Bell-Coleman refrigerator works between 4 bar and 1 bar pressure limits. After 

 compression, the cooling water reduces the air temperature to 17
0
C. What is the lowest 

 temperature produced by the ideal machine?       

      Compare the coefficient of performance of this machine with that of the ideal Carnot 

 cycle machine working between the same pressure limits, the temperature at the 

 beginning of compression being -13
0
 C.      [5+5] 
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B.Tech II Year II Semester Examinations, October/ November- 2016 

THERMAL ENGINEERING – I 

(Common to ME, AME) 

Time: 3 Hours                Max. Marks: 75 

 

Note:  This question paper contains two parts A and B. 

Part A is compulsory which carries 25 marks. Answer all questions in Part A. 

Part B consists of 5 Units. Answer any one full question from each unit. Each question 

carries 10 marks and may have a, b, c as sub questions. 

 

PART- A  

(25 Marks) 

 

1.a) What are the different compositions of CNG?     [2] 

   b) Explain what is meant by cruising range?      [3] 

   c) What is meant by equivalence ratio and give its significance?   [2] 

   d) What is meant by cetane number? Give the details.     [3] 

   e) Why retardation test is conducted?       [2] 

   f) Explain the significance of Sankey diagram in engine performance parameters. [3] 

   g) Give the working details of roots blower.      [2] 

   h) Explain the concept of slip factor in centrifugal compressor.   [3] 

   i) What is meant by deuce air refrigeration system and when it is used?  [2] 

   j) Explain the effect of liquid sub cooling on the refrigerating effect.   [3] 
 

PART-B  

(50 marks) 

 

2.a) What is the purpose of venture in SI engine fuel supply system? 

   b) Draw the neat sketch and explain the working of carter carburettor.   [5+5] 
OR 

3.a) Draw the line diagram and explain typical fuel feed system for a CI engine.  

   b) Compare and contrast dry sump lubrication and crank case ventilation.  [5+5] 

 

4.a) What is meant by flame speed and how to measure it? 

b) What is meant by knock in SI engines and what are the parameters are causing their 

effect on it?          [5+5]  

OR 

5.a) What is meant by ignition delay in CI engines and explain it with p-ϴ diagram. 

b) At least two combustion chambers required in CI engines represent by line diagram and 

explain its working.         [5+5] 
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compression ratio of 6. The engine develops 25 kW indicated power at 2000 rpm. Find 

the mean indicated pressure and air standard efficiency. Also calculate the fuel 

consumption per hour, if the indicated thermal efficiency is 30%. Take the calorific value 

of fuel as 42 MJ/kg.                       [5+5]     

      OR  

7.a) Compare and contrast fans, blowers and compressors. 

b) A single acting, single cylinder reciprocating air compressor is compressing 20 kg/min. 

of air from 110kPa. 30
0
C to 600 kPa and delivers it to a receiver. Law of compression is 

pV
1.25 

= constant. Mechanical efficiency is 80%. Find the power input to compressor, 

neglecting losses due to clearance, leakages and cooling.      [5+5] 

 

8.a) Classify the Rotary compressors and give the salient features. 

b) 1 kg of air per second is taken into a root blower compressor at 1 bar and 27
0
C. The 

delivery pressure of air is 1.5 bar. Calculate the motor power required to run the 

compressor; if mechanical efficiency is 80%.     [5+5] 

OR 

9.a) Explain the concept of stalling and losses of axial flow compressor. 

b) An axial flow compressor draws air at 20
0
C and delivers it at 50

0
C. Assuming 50% 

reaction, calculate the velocity of flow, if blade velocity is 100 m/s, work factor is 0.85. 

Take Cp=1kJ/kg.K. Assume α=10
0
, and β=40

0
, Find the number of stages.  [5+5] 

 

10.a) Draw the line diagram and explain the working of Bell Coleman cycle and derive for 

 COP of the same. 
b) Air enters the compressor of an air craft cooling system at 100kPa, and 283K. Air is now 

compressed to 2.5 bar with an isentropic efficiency of 72%. After being cooled to 320K 

at constant pressure in a heat exchanger, the air then expands in a turbine to 1 bar with an 

isentropic efficiency of 75%. The cooling load of the system is 3 tonnes of refrigeration. 

After absorbing heat at constant pressure, the air re-enters the compressor, which is 

driven by the turbine, Find the COP of the refrigerator, driving power required and air 

mass flow rate.         [5+5] 

OR 
11.a) Explain the working of an ideal vapour compression refrigeration cycle. 

b) A refrigerator used R-12 as a working fluid and it operates on an ideal vapour 

compression cycle. The temperature of refrigerant in the evaporator is -20
0
C and in the 

condenser is 40
0
C. The refrigerant is circulated at the rate of 0.03 kg/s. Determine the 

coefficient of performance and capacity of refrigeration plant in the TR.  [5+5] 

 

 

6.a) Explain the details of exhaust gas composition with the percentage of each component. 

   b) A four cylinder, four stroke petrol engine has a 10 cm bore, 15 cm stroke and uses a 
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Assignment.1. 

Design of Machine Members –I 

Submit Date: 28/11/2023 

S.No Questions 
1 Derive an expression for the impact stress induced due to a falling load. 

2 Write short notes on maximum shear stress theory. 
3 At a critical section in a shaft, the following stresses are induced: Bending stress=60 Mpa Torsional 

shear stress =40 Mpa Determine the factor of safety, according to (i) maximum normal stress theory, 
(ii) maximum shear stress theory, (iii) maximum principal strain theory. The proportional limit in a 
simple tension test is found to be 300 Mpa. Take Poisson’s ratio as 0.3. 

4 Define a fit and a tolerance. 
5 A cantilever of span 500 mm carries a vertical download load of 6 KN at free end. Assume yield value 

of 350 MPa and factor of safety of 3. Find the economical section for the cantilever among: i) a circular 
cross section of diameter ‘d’, ii) rectangular section of depth ‘h’ and width ‘t’ with h /t = 2. 

6 Find the diameter of shaft required to transmit 60 kW at 150 rpm if the maximum torque is likely to 
exceed the mean torque by 25% for a maximum permissible torsional shear stress of 60 N/mm2 . Also 
find the angle of twist for a length of 2.5 meters. Take G = 80 GPa. 

7 What are alloy steels? Discuss the effect of adding different alloying elements in steel? 
8 An electric motor weighing 500N is mounted on a short cantilever beam of uniform rectangular cross 

section. The weight of motor acts at a distance of 300mm from the support. The depth of the section is 
twice the width. Determine the cross section of the beam. The allowable stress in the beam is 
40N/mm2 

9 What are the general considerations in the design of machine elements? 
10 Write about types of fits? 
11 Explain the design considerations for the selection of Engineering Materials and their properties? 
12 Explain the concept of stiffness in tension, bending,and torsion and combined situations? 
13 Write about preferred numbers? 
14 Explain the manufacturing considerations in design? 
15 How do you understand failure? Explain the various theories of failure? 

16 Discuss in detail the factors which govern the selection of material for a machine component? 

17 Explain the salient features of the maximum principal stress theory and indicate under what 
conditions such a theory is useful? 

18 A steel shaft 35 mm in diameter and 1.2 m long held rigidly at one end has a hand wheel 500 mm in 
diameter keyed to the other end. The modulus of rigidity of steel is 80 GPa i) What load applied to 
tangent to the rim of the wheel produce a torsional shear of 60MPa? ii) How many degrees will the 
wheel turn when this load is applied? 

19 Derive a relation for the shear stress developed in a shaft, when it is subjected to torsion. 

 



Assignment-II 

 

S.No Questions Year Marks 

1 A cantilever beam made of cold drawn steel 40C8 (Sut = 600 N/mm2 and Syt = 380 N/mm2 ) is 

shown in Figure. 1. The force P acting at the free end varies from – 50 N to +150 N. The 

expected reliability is 90% and the factor of safety is 2. The notch sensitivity factor at the fillet 

is 0.9. Determine the diameter d of the beam at the fillet cross-section using Gerber curve as 

failure criterion. 

 

2021 15 

2 A bar of circular cross-section is subjected to alternating tensile forces varying from a 

minimum of 200 kN to a maximum of 500 kN. It is to be manufactured of a material with an 

ultimate tensile strength of 900 MPa and an endurance limit of 700 MPa. Determine the 

diameter of bar using safety factors of 3.5 related to ultimate tensile strength and 4 related to 

endurance limit and a stress concentration factor of 1.65 for fatigue load. Use Goodman straight 

line as basis for design 

2021 15 

3 A 25 mm diameter shaft is made of forged steel 30C8 (sut = 600 N/mm2 ). There is a step in the 

shaft, and the theoretical stress concentration factor at the step is 2.1. The notch sensitivity 

factor is 0.84. Determine the Endurance limit of the shaft, if it is subjected to a reversed 

bending moment. 

2019 5 

4 A machine component is subjected to a flexural stress which fluctuates between + 300 MN/m2 

and – 150 MN/m2 . Determine the value of minimum ultimate strength according to a) Gerber 

relation b) Modified Goodman relation c) Soderberg relation. Take yield strength = 0.55 

Ultimate strength, endurance strength = 0.5 Ultimate 

2018 10 

5 A stepped shaft transmits a torque varying from 800 N-m to 1200 N-m. The ratio of diameters 

is 1.5 and the stress concentration factor is 1.2. Determine the diameter of the shaft for infinite 

life for a design factor of safety 1.8. The value of sut = 600 N/mm 2 , and syt = 450 N/mm 2 . 

2018 5 

6 A simply supported shaft of 50 mm diameter and 0.5 m long is subjected to, at its midsection, a 

load that varies cyclically from 2P to 4P. Determine the value of P. Yield strength=450 MPa, 

Endurance limit=350 Mpa, Factor of safety=2, size correction factor=0.85 and surface 

correction factor =0.9. 

2017 8 

7 A cantilever of circular cross section is fixed at one end and subjected to completely reversed 

force of 10 kN at the free end. The force is perpendicular to the axis of the beam. The distance 

between the free and fixed end is 100 mm. The beam is made up of steel with ultimate tensile 

strength of 540 N/mm2 and tensile yield strength of 320N/mm2 . The construction of cantilever 

is such that there is no stress concentration. The size factor, surface finish factor and reliability 

factor are 0.85, 0.8, and 0.86 respectively. The operating temperature is 500C for which the 

temperature factor is 1.010. If the diameter of the beam is 35mm determine the life of the 

beam? 

2016 10 

8 A machine component is subjected to a flexural stress which fluctuates between + 300 MN/m2 

and – 150 MN/m2.Determine the value of minimum ultimate strength according to (a) Gerber 

relation (b) Modified Goodman relation (c) Soderberg relation. Take yield strength = 0.55 

Ultimate strength, endurance strength = 0.5 Ultimate strength and factor of safety = 2. 

2015 10 

2014

2016

 2015



 

Assignment-III 

Year-2021  

Q.1. A welded connection of steel plates is shown in Figure. 3. It is subjected to an eccentric force of 50 

kN. Determine the size of the weld, if the permissible shear stress in the weld is not to exceed 70 N/mm2 .                                                                                                                                                                                  

(15) 

 

 

Q.2. Two circular plates with (2d) and (d) as outer and inner diameters respectively, are clamped together 

by means of a bolt as shown in Figure. The bolt is made of plain carbon steel 45C8 (Syt = 380 N/mm2 and 

E = 207000 N/mm2 ), while the plates are made of aluminium (E = 71000 N/mm2 ). The initial pre-load in 

the bolt is 5 kN and the external force acting on the bolted joint is 10 kN. Determine the size of the bolt, if 

the factor of safety is 2.5.                                                                                                                          (15) 

 

 Year -2021 March 

Q.3. A cylinder head is held on the cylinder by 8 numbers of bolts. The inner diameter of the cylinder is 

350 mm. The pressure inside the cylinder varies from zero to a maximum pressure of 2.5 MPa. The 

ultimate tensile stress and yield stress are 630 MPa and 380 MPa respectively. The bolts are tightened 

with initial preload of 1.5 times the steam load. A copper asbestos gasket is used to make the joint leak 

proof. Take factor of safety is 2.5. Neglect stress concentration factor. Find the size of the bolt.          (8) 

Q.4.Explain the design of bolt subjects to uniform loading.                                                                    (7) 

Year-2019 

Q.5.What are bolts of uniform strength? Where are they used? Explain with a sketch.                          (5) 



Q.6. A double – riveted double – strap butt joint is used to connect two plates, each of 12 mm thickness, 

by means of 16 mm diameter rivets having a pitch of 48 mm. The rivets and plates are made of steel. The 

permissible stresses in tension, shear, and compression are 80, 60, and 120 N/mm 2 respectively. Find the 

efficiency of the joint.                                                                                                                                 (5) 

Year-2018 

Q.7. Design a lap joint for a mild steel flat tie-bar 200 mm × 10 mm thick, using 24 mm diameter rivets. Assume 

allowable stresses in tension and compression of the plate material as 112 MPa and 200 MPa respectively and shear 

stress of the rivets as 84 MPa. Show the disposition of the rivets for maximum joint efficiency and determine the 

joint efficiency. Take diameter of rivet hole as 25.5 mm for a 24 mm diameter rivet.                                                                                                                                                          

[10] 

Q.8.A braket is welded to the side of a column and carries a vertical load P, as shown in the Figure. 

Evaluate P so that the maximum shear stress in the 10 mm fillet welds is 80 MPa.                                    

(10) 

 

Q.9.Discuss the methods of failure of riveted joints.                                                                                 (5)                                                                                       

Q.10.Show that the plane of maximum shear stress occurs at 450 for a parallel load on a fillet weld of 

equal legs. Neglect bending. Determine the allowable force P per cm of weld length, if the allowable 

shear stress is 95 N/mm 2.                                                                                                                           (5)                                                                                                                                          

Q.11.The maximum pull in the tie rods of a turnbuckle used in the roof truss is 4.5 kN. The tie rods are 

made of steel 40C8 (syt = 380 N/mm 2 ) and the factor of safety is 5. Determine the nominal diameter of 

the threads on the tie rod on the basis of Maximum principal stress theory. Assume dc = 0.8 d.              (5) 

Q.12. What is efficiency of riveted joint? How do you find it?                                                                  (5)                                                          

Year-2017 

Q.13.Describe the procedure to design an eccentrically loaded welded joint.                                           (5) 

Q.14. A double riveted, chain lap joint is to be made for joining two plates of 10 mm thick. The allowable 

stresses are 60 MPa in tension, 80 MPa in crushing and 50 MPa in shear. Determine the rivet diameter, 

pitch of the rivets and row pitch. Also find the efficiency of the joint.                                                      (5) 

 



Q.15.Explain how to design a bolt considering both initial tightening load and external force.                (5) 

Q.16. A flanged bearing for a horizontal shaft is fastened to a frame by means of 4 bolts, equally spaced 

on 160 mm pitch circle diameter. A 100 kN force acts at a distance of 50 mm from the frame. The 

diameter of the flange is 220 mm. Determine the size of the bolts, if the tensile stress for the bolt material 

is 80 MPa.                                                                                                                                                    (5) 

Year-2016 

Q.17.A bracket plate carrying a load of 150 kN is to be welded to a column as shown in figure find the 

size of the weld, if the allowable shear stress in the weld is 120MPa.                                                      (10) 

 

Q.18.Explain the 4 possible ways of failures in single rivet with suitable diagram for each case.            (5) 

Q.19. A circular bar of 50 mm diameter is welded to a steel plate by an annular fillet and is subjected to a 

twisting moment of 2 kNm. If the allowable shear stress in the weld material is 85 MPa, determine the 

size of the weld.                                                                                                                                          (5) 

 

 

Notes: - Submit date 15/12/2022. Solve any 2 theory and 8 numerical problem from 

given 19 questions. 



Assigmant4,5 

Q.NO QUESTIONS 

1 Write advantages and disadvantages of welded joint over riveted joints. 

2 A steam engine of effective diameter 300 mm is subjected to a steam pressure of 1.5 N/mm2.The 
cylinder head is connected by 8 bolts having yield point 330 MPa and endurance limit at 240 MPa. 
The bolts are tightened with an initial preload of 1.5 times the steam load. A soft copper gasket is 
used to make the joint leak-proof. Assuming a factor of safety 2, find the size of bolt required. The 
stiffness factor for copper gasket may be taken as 0.5. 

3 What is a key? State its function with neat sketch. 

4 A knuckle joint is required to withstand a tensile load of 25 kN. Design the joint if the permissible 
stresses are :σt= 56 MPa ; τ = 40 MPa and σc= 70 MPa 

5 A shaft is supported by two bearings placed 1 m apart. A 600 mm diameter pulley is mounted at a 
distance of 300 mm to the right of left hand bearing and this drives a pulley directly below it with 
the help of belt having maximum tension of 2.25 kN. Another pulley 400 mm diameter is placed 
200 mm to the left of right hand bearing and is driven with the help of electric motor and belt, 
which is placed horizontally to the right. The angle of contact for both the pulleys is 180° and μ = 
0.24. Determine the suitable diameter for a solid shaft, allowing working stress of 63 MPa in 
tension and 42 MPa in shear for the material of shaft. Assume that the torque on one pulley is 
equal to that on the other pulley... 

6 Determine the length of the weld run for a plate of size 120 mm wide and 15 mm thick to be 
welded to another plate by means of 1. A single transverse weld; and 2. Double parallel fillet welds 
when the joint is subjected to variable loads. 

 
7 Describe, with the help of neat sketches, the types of various shaft couplings mentioning the uses 

of each type. 
8 Discuss the methods of failure of riveted joints.                                                                                 

9 A double – riveted double – strap butt joint is used to connect two plates, each of 12 mm thickness, by 
means of 16 mm diameter rivets having a pitch of 48 mm. The rivets and plates are made of steel. The 
permissible stresses in tension, shear, and compression are 80, 60, and 120 N/mm 2 respectively. Find 
the efficiency of the joint.                                                                                                                                  

10 Design and draw a sleeve and cotter joint to resist a tensile load of 60 kN. All parts of the joint are made 
of the same material with the following allowable stresses: Tensile stress = 60 MPa, Shear stress = 70 
MPa and crushing stress = 125 MPa. 

     11 A solid shaft is transmitting 1 MW at 240 r.p.m. Determine the diameter of the shaft if the maximum 
torque transmitted exceeds the mean torque by 20%. Take the maximum allowable shear stress as 60 
MPa. 

12  Describe the procedure to design an eccentrically loaded welded joint.                                            

13 Design and make a neat dimensioned sketch of a muff coupling which is used to connect two steel shafts 
transmitting 40 kW at 350 r.p.m. The material for the shafts and key is plain carbon steel for which 
allowable shear and crushing stresses may be taken as 40 MPa and 80 MPa respectively. The material for 

the muff is cast iron for which the allowable shear stress may be assumed as 15 MPa. 
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PART - A  
(25 Marks) 

 

1.a)  Define factor of safety.        [2] 

   b)  Explain the methods to reduce stress concentration in machine members.  [3] 

   c)  What is row pitch and margin of a riveted joint?     [2]    

   d)  What do you understand by bolt of uniform strength?    [3] 

   e)  Explain the purpose of a gib.        [2] 

   f)  How is a sunk key designed?        [3] 

   g)  When do you consider column factor in design of shafts.    [2] 

   h)  How is a flange coupling modified to make it flexible coupling.   [3] 

   i)  What is a torsion spring?        [2] 

   j)  Explain surging in springs.        [3] 

  

PART - B  

(50 Marks) 

 

2.a)   What are theories of failure. Explain any two theories of elastic failure for bi-axial       
loading system with the help of equations. 

b) A solid circular shaft, 20 mm in diameter, is subjected to torsional shear stress, which 

varies from 0 to 35 N/mm
2
 and at the same time, is subjected to an axial stress that 

varies from -15 to +30 N/mm
2
. The frequency of variation of these stresses is equal to 

the shaft speed. The shaft is made of steel FeE 400(Sut=540 N/mm
2
 and Syt=400 N/mm

2
 

and the corrected endurance limit of the shaft is 200 N/mm
2
. Determine the factor of 

safety.                [5+5] 

OR 

3.a)  What are the general considerations in designing machine members. Discuss in detail. 

   b)  Explain about preferred numbers. 

   c)  A simply supported shaft of 50 mm diameter and 0.5 m long is subjected to, at its mid-
section, a load that varies cyclically from 2P to 4P. Determine the value of P. Yield 

strength=450 MPa, Endurance limit=350 Mpa, Factor of safety=2, size correction 

factor=0.85 and surface correction factor =0.9.             [3+3+4] 
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4.a)  Describe the procedure to design an eccentrically loaded welded joint. 

b)  A double riveted, chain lap joint is to be made for joining two plates of 10 mm thick. 

The allowable stresses are 60 MPa in tension, 80 MPa in crushing and 50 MPa in shear. 

Determine the rivet diameter, pitch of the rivets and row pitch. Also find the efficiency 

of the joint.          [5+5] 

OR 

5.a)  Explain how to design a bolt considering both initial tightening load and external force. 

b)  A flanged bearing for a horizontal shaft is fastened to a frame by means of 4 bolts, 

equally spaced on 160 mm pitch circle diameter. A 100 kN force acts at a distance of 

50 mm from the frame. The diameter of the flange is 220 mm. Determine the size of the 

bolts, if the tensile stress for the bolt material is 80 MPa.    [5+5] 

      

6.  Design a knuckle joint to connect two circular rods subjected to an axial tensile force of 

50 kN.  The rods are co-axial and a small amount of angular movement between their 

axes is permissible. Assume permissible stresses as: ft = 80 N/mm
2
; fs = 40 N/mm

2
;        

fc = 80 N/mm
2
.             [10] 

OR 

7.a)  Mention different types of cotter joints. Where are they used? 

b)  Design a socket and spigot type cotter joint to resist a load of 25 kN. Assume safe 

stresses as: σt=50 MPa; all =40 MPa; σc=65 MPa.     [5+5] 

 

8.a)  Write how a shaft is designed on the basis of rigidity. 

b)  A steel shaft 1.25 m long between bearings carries 1250 N pulley at its mid point. The 

pulley is keyed to the shaft and receives 20 kW at 200 rpm. The belt drive is horizontal 

and the ratio of the belt tensions is 3:1. The diameter of the pulley is 600 mm. Compute 

the shaft diameter.         [5+5] 
OR 

9.  Two 40 mm diameter shafts running at 500 rpm and transmitting a torque of 1200 Nm 

are connected by a rigid unprotected type of flange coupling. The flanges are fitted with 

six bolts. Permissible stresses are 35 MPa in shear and 45 MPa in crushing. Design the 

coupling with a neat sketch.          [10] 
      

10.a)  Why Wahl’s factor is to be considered in the design of helical compression or tension 

springs. 

b)  A spring loaded safety valve for a boiler is required to blow-off at a pressure of            

1.2 N/mm
2
. The diameter of the valve is 55 mm. Design a suitable compression spring 

for the safety valve, assuming spring index to be 6 and an initial compression 25 mm. 

The maximum lift of the valve is 15 mm. The shear stress in the material is to be 

limited to 450 MPa. Take G= 0.84×10
5
 MPa.     [5+5] 

OR 

11.a)  Write the design procedure of helical compression springs under fatigue loading. 

b)  A bumper, consisting of two helical springs of circular section, brings to rest, a railway 

wagon of mass 1500 kg moving at 1.2 m/s. While doing so, the springs are compressed 

by 150 mm. The mean diameter of the coils is 6 times the wire diameter and 

permissible shear stress is 400 MPa. Design the springs. Take G= 0.84×10
5
 MPa. [5+5] 
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UNIT –I 
INTRODUCTION & STRESS IN MACHINE MEMBERS AND DESIGN FOR STATIC 

STRENGTH 

 

1 How do you classify materials for engineering use? 

2  Draw the stress–strain diagram for mild steel. Explain. 

3 How do you classify the machine design? Explain 

4 Explain the general design procedure while designing a machine element 

5 What are the general design consideration should be followed while designing a Machine element? 

6 What are the manufacturing consideration should be followed while designing a machine element? 

7 What do you mean by preferred numbers and explain the applications? 

8 What is meant by factor of safety? Explain how it can be used in design applications. 

9 A cast iron link, as shown in Fig., is required to transmit a steady tensile load of 45 kN. Find the 

tensile stress induced in the link material at sections A-A and B-B. 

 

10 A hydraulic press exerts a total load of 3.5 MN. This load is carried by two steel rods, supporting the 

upper head of the press. If the safe stress is 85 MPa and E = 210 KN/mm2, find : 1. diameter of the 

rods, and 2. extension in each rod in a length of 2.5m. 

11 A shaft, as shown in Fig. is subjected to a bending load of 3 kN, pure torque of 1000 N-m and an axial 
pulling force of 15 kN. Calculate the stresses at A and B. 

 

12 Derive an expression for the impact stress induced due to a falling load. 

13 An unknown weight falls through 10 mm on a collar rigidly attached to the lower end of a vertical 

bar 3 m long and 600 mm2 in section. If the maximum instantaneous extension is known to be 2 

mm, what is the corresponding stress and the value of unknown weight? Take E = 200 kN/mm2. 

14 Write the bending stress relation and draw the diagram. 
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15 A pump lever rocking shaft is shown in Fig. The pump lever exerts forces of 25 kN and 35 kN 

concentrated at 150 mm and 200 mm from the left and right hand bearing respectively. Find the 

diameter of the central portion of the shaft, if the stress is not to exceed 100 MPa 
 

 

16 The load on a bolt consists of an axial pull of 10 kN together with a transverse shear force of 5 kN. 

Find the diameter of bolt required according to 1. Maximum principal stress theory; 2.Maximum 

shear stress theory; 3.Maximum principal strain theory; 4.Maximum strain energy theory; and 

5.Maximum distortion energy theory. 

17 A mild steel shaft of 50 mm diameter is subjected to a bending moment of 2000N-m and a torque T. 
If the yield point of the steel in tension is 200 MPa, find the maximum value of this torque without 
causing yielding of the shaft according to 1. The maximum principal stress; 2. The maximum shear 
stress; and 3.The maximum distortion strain energy theory of yielding. 

18 Derive an expression for the impact stress induced due to a falling load. 

19 Write short notes on maximum shear stress theory. 

20 At a critical section in a shaft, the following stresses are induced: Bending stress=60 Mpa Torsional 
shear stress =40 Mpa Determine the factor of safety, according to (i) maximum normal stress theory, 
(ii) maximum shear stress theory, (iii) maximum principal strain theory. The proportional limit in a 
simple tension test is found to be 300 Mpa. Take Poisson’s ratio as 0.3. 

21 Define a fit and a tolerance. 

22 A cantilever of span 500 mm carries a vertical download load of 6 KN at free end. Assume yield 
value of 350 MPa and factor of safety of 3. Find the economical section for the cantilever among: i) a 
circular cross section of diameter ‘d’, ii) rectangular section of depth ‘h’ and width ‘t’ with h /t = 2. 

23 Find the diameter of shaft required to transmit 60 kW at 150 rpm if the maximum torque is likely to 
exceed the mean torque by 25% for a maximum permissible torsional shear stress of 60 N/mm2 . 
Also find the angle of twist for a length of 2.5 meters. Take G = 80 GPa. 

24 What are alloy steels? Discuss the effect of adding different alloying elements in steel? 

25 An electric motor weighing 500N is mounted on a short cantilever beam of uniform rectangular cross 
section. The weight of motor acts at a distance of 300mm from the support. The depth of the section 
is twice the width. Determine the cross section of the beam. The allowable stress in the beam is 
40N/mm2 

26 What are the general considerations in the design of machine elements? 

27 Write about types of fits? 

28 Explain the design considerations for the selection of Engineering Materials and their properties? 

29 Explain the concept of stiffness in tension, bending, and torsion and combined situations? 

30 Write about preferred numbers? 

31 Explain the manufacturing considerations in design? 

32 A steel shaft 35 mm in diameter and 1.2 m long held rigidly at one end has a hand wheel 500 mm in 
diameter keyed to the other end. The modulus of rigidity of steel is 80 GPa. i) What load applied to 
tangent to the rim of the wheel produce a torsional shear of 60MPa? ii) How many degrees will the 
wheel turn when this load is applied? 

33 Derive a relation for the shear stress developed in a shaft, when it is subjected to torsion. 



 

 

 

UNIT –II 

DESIGN FOR FATIGUE STRENGTH 

 

 

1 Explain stress concentration in detail and various methods to reduce stress concentration in 
machine members. 

2 Define the following terms 

i) Theoretical Stress concentration factor 
ii) Fatigue Stress concentration factor 

iii) Endurance limit with the effect of size, load and surface factors 
iv) Fatigue failure 

3 Discuss the factors affecting endurance limit 

 Determine the diameter of a circular rod made of ductile material with a fatigue strength (complete 

reversal), σe=265 MPa and tensile yield strength of 350 MPa. The member is subjected to a varying 

axial load from W min =-300 KN to W max = 700 KN and has a stress concentration factor is 1.8. Use 

factor of safety as 2. 

4 What is the notch sensitivity? And write the expression for it? 

5 Find the maximum stress induced in the following case taking stress concentration into account: A 

stepped shaft as shown in Fig. (b) and carrying a tensile load of 12 KN 
 

 
6 What are the fluctuating stress, repeated stress and reversed stress? Draw the Stress– Time sinusoidal 

curves. 

7 Determine the diameter of a circular rod made of ductile material with a fatigue strength (complete 

reversal), σe=265 MPa and tensile yield strength of 350 MPa. The member is subjected to a varying 
axial load from W min =-300 KN to W max = 700 KN and has a stress concentration factor is 1.8. Use 

factor of safety as 2. 

8 Define the term   “stress   concentration” with   suitable diagram   and “stress concentration 
factor” also.  

9 N/mm2 to 100 N/mm2. The corrected endurance limit of the machine component is 270 N/mm2. The 

ultimate stress and yield point stress of the material are 600 and 400 N/mm2 respectively. Find the 

factor of safety using: (i) Gerber formula. (ii) Solderberg line. (iii) Goodman line. 

10 A circular bar of 500 mm length is supported freely at its two ends. It is acted upon by a central 

concentrated cyclic load having a minimum value of 20 kN and a maximum value of 50 kN. 

Determine the diameter of bar by taking a factor of safety of 1.5, size effect of 0.85, surface finish 

factor of 0.9. The material properties of bar is given by: ultimate strength of 650 MPa, yield strength 

of 500 MPa and endurance strength of 350 MPa. 

11 Cantilever beam made of cold drawn carbon steel of circular cross-section as shown in Fig. Is 

subjected to a load which varies from – F to 3 F. Determine the maximum load that this member can 

withstand for an indefinite life using a factor of safety as 2. The theoretical stress concentration 

factor is 1.42 and the notch sensitivity is 0.9. Assume the following values : 

Ultimate stress = 550 MPa  

Yield stress = 470 MPa  

Endurance limit = 275 MPa 

 Size factor = 0.85 

Surface finish factor= 0.89 



 

 

 
 

12 A machine component is subjected to a flexural stress which fluctuates between + 300 MN/m2 and – 
150 MN/m2. Determine the value of minimum ultimate strength according to 1. Gerber relation; 2. 
Modified Goodman relation; and 3. Soderberg relation. Take yield strength = 0.55 Ultimate strength; 
Endurance strength = 0.5 Ultimate strength; and Factor of safety = 2. 

13 A hot rolled steel shaft is subjected to a torsional moment that varies from 330 N.m clockwise to 110 
N.m counter clockwise and an applied bending moment at a critical section varies from 440N-m to-
220 N-m. The shaft is of uniform cross-section and no key way is present at the critical section. 
Determine the required shaft diameter. The material has an ultimate strength of 550 MN/m2 and yield 
strength of 410 MN/m2.Take the endurance limit as half the ultimate strength, factor of safety of 2, 
size factor of 0.85 and surface finish factor of 0.62. 

14 How do you understand failure? Explain the various theories of failure? 

15 A transmission shaft of cold drawn steel 27Mn2 (Sut = 500 N/mm2 and Syt = 30N/mm2) is subjected 
to a fluctuating torque which varies from -100 N-m to +400 N-m. The factor of safety is 2 and the 
expected reliability is 10%. Neglecting the effect of stress concentration, determine the diameter of 
the shaft. Assume the distortion energy theory of failure. 



 

 

UNIT –III 

DESIGN OF RIVETED, WELDED AND BOLTED JOINTS 
 

1 Mentioned the important terms used in screw threads with a neat sketch. 

2 Describe the initial stresses in screw fasteners due to screwing up forces. 

3 Explain Stress in screw fasteners due to Combined Forces? 

4 Two machine parts are fastened together tightly by means of a 24 mm tap bolt. If the load tending to 
separate these parts is neglected, find the stress that is set up in the bolt by the initial tightening. 

5 Discuss on bolts of uniform strength giving examples of practical applications of such bolts. 

6 b.A lever loaded safety valve has a diameter of 100 mm and the blow off pressure is 
1.6 N/mm2. The fulcrum of the lever is screwed into the cast iron body of the cover. Find the 
diameter of the threaded part of the fulcrum if the permissible tensile stress is limited to 50 MPa 
and the leverage ratio is 8. 

7 Derive the expression for eccentric load acting parallel to the axis of bolts 

8 Fig. shows a solid forged bracket to carry a vertical load of 13.5 kN applied through the centre of 

hole. The square flange is secured to the flat side of a vertical stanchion through four bolts. 

Calculate suitable diameter D and d for the arms of the bracket, if the permissible stresses are 110 

MPa in tension and 65 MPa in shear. Estimate also thetensile load on each top bolt and the 

maximum shearing force on each bolt. 

 

 
 

9  Write advantages and disadvantages of welded joint over riveted joints. 

10 Discuss the standard location of elements of a welding symbol. 

11 What are the advantages of preloading bolted joints? 

12 A steam engine of effective diameter 300 mm is subjected to a steam pressure of 
1.5 N/mm2. The cylinder head is connected by 8 bolts having yield point 330 MPa and endurance 

limit at 240 MPa. The bolts are tightened with an initial preload of 1.5 times the steam load. A 

soft copper gasket is used to make the joint leak-proof. 

Assuming a factor of safety 2, find the size of bolt required. The stiffness factor for copper gasket 

may be taken as 0.5. 

13 What is an eccentric loaded welded joint? Discuss the procedure for designing such a joint. 

14 A plate 100 mm wide and 10 mm thick is to be welded to another plate by means of double parallel 

fillets. The plates are subjected to 
a static load of 80 kN. Find the length of weld if the permissible shear stress in the weld does 
not exceed 55 MPa. 

15 A plate 75 mm wide and 12.5 mm thick is joined with another plate by a single transverse 

weld and a double parallel fillet weld as shown in Fig. The maximum tensile and shear 

stresses are 70 MPa and 56 MPa respectively. Find the length of each parallel fillet weld, if the 

joint is subjected to both static and fatigue loading. 

 

16 Determine the length of the weld run for a plate of size 120 mm wide and 15 mm thick to be 
welded to another plate by means of 



 

 

 

 1. A single transverse weld; and 

2. Double parallel fillet welds when the joint is subjected to variable loads. 
 

 

17 A welded connection of steel plates is shown in Figure. 3. It is subjected to an eccentric force of 50 

kN. Determine the size of the weld, if the permissible shear stress in the weld is not to exceed 70 

N/mm2 .      

 
18 Two circular plates with (2d) and (d) as outer and inner diameters respectively, are clamped together 

by means of a bolt as shown in Figure. The bolt is made of plain carbon steel 45C8 (Syt = 380 

N/mm2 and E = 207000 N/mm2 ), while the plates are made of aluminium (E = 71000 N/mm2 ). The 

initial pre-load in the bolt is 5 kN and the external force acting on the bolted joint is 10 kN. 

Determine the size of the bolt, if the factor of safety is 2.5. 

 
19 A cylinder head is held on the cylinder by 8 numbers of bolts. The inner diameter of the cylinder is 

350 mm. The pressure inside the cylinder varies from zero to a maximum pressure of 2.5 MPa. The 

ultimate tensile stress and yield stress are 630 MPa and 380 MPa respectively. The bolts are 

tightened with initial preload of 1.5 times the steam load. A copper asbestos gasket is used to make 

the joint leak proof. Take factor of safety is 2.5. Neglect stress concentration factor. Find the size of 

the bolt 
20 Explain the design of bolt subjects to uniform loading.                                                                     

21 What are bolts of uniform strength? Where are they used? Explain with a sketch.                           

22 A double – riveted double – strap butt joint is used to connect two plates, each of 12 mm thickness, 
by means of 16 mm diameter rivets having a pitch of 48 mm. The rivets and plates are made of steel. 
The permissible stresses in tension, shear, and compression are 80, 60, and 120 N/mm 2 respectively. 
Find the efficiency of the joint. 

23 Design a lap joint for a mild steel flat tie-bar 200 mm × 10 mm thick, using 24 mm diameter rivets. 

Assume allowable stresses in tension and compression of the plate material as 112 MPa and 200 

MPa respectively and shear stress of the rivets as 84 MPa. Show the disposition of the rivets for 

maximum joint efficiency and determine the joint efficiency. Take diameter of rivet hole as 25.5 mm 

for a 24 mm diameter rivet.                                                                                                                                                           



 

 

24 A braket is welded to the side of a column and carries a vertical load P, as shown in the Figure. 

Evaluate P so that the maximum shear stress in the 10 mm fillet welds is 80 MPa. 

 
25 Discuss the methods of failure of riveted joints.                                                                                  

26 Show that the plane of maximum shear stress occurs at 450 for a parallel load on a fillet weld of 

equal legs. Neglect bending. Determine the allowable force P per cm of weld length, if the allowable 

shear stress is 95 N/mm 2.                                                                                                                            
27 The maximum pull in the tie rods of a turnbuckle used in the roof truss is 4.5 kN. The tie rods are 

made of steel 40C8 (syt = 380 N/mm 2 ) and the factor of safety is 5. Determine the nominal 

diameter of the threads on the tie rod on the basis of Maximum principal stress theory. Assume dc = 

0.8 d.              
28 What is efficiency of riveted joint? How do you find it?                                                                                                                        
29 Describe the procedure to design an eccentrically loaded welded joint. 

30  A double riveted, chain lap joint is to be made for joining two plates of 10 mm thick. The allowable 

stresses are 60 MPa in tension, 80 MPa in crushing and 50 MPa in shear. Determine the rivet 

diameter, pitch of the rivets and row pitch. Also find the efficiency of the joint. 
31 Explain how to design a bolt considering both initial tightening load and external force.                 

32 A flanged bearing for a horizontal shaft is fastened to a frame by means of 4 bolts, equally spaced on 
160 mm pitch circle diameter. A 100 kN force acts at a distance of 50 mm from the frame. The 
diameter of the flange is 220 mm. Determine the size of the bolts, if the tensile stress for the bolt 
material is 80 MPa.                                      

33 A bracket plate carrying a load of 150 kN is to be welded to a column as shown in figure find the 

size of the weld, if the allowable shear stress in the weld is 120MPa.                                                       

 
34 Explain the 4 possible ways of failures in single rivet with suitable diagram for each case.             

 
35 A circular bar of 50 mm diameter is welded to a steel plate by an annular fillet and is subjected to a 

twisting moment of 2 kNm. If the allowable shear stress in the weld material is 85 MPa, determine 
the size of the weld.                                                                                                                                           

 

 

 

 

 
 

 

 



 

 

UNIT –IV 
DESIGN OF MECHANICAL KEYS, COTTERS AND KNUCKLE JOINTS 

 

1 Design and draw a cotter joint to support a load varying from 30 kN in compression 
to 30 kN in tension. The material used is carbon steel for which the following 
allowable stresses may be used. The load is applied statically. Tensile stress = 
compressive stress = 50 MPa ; shear stress = 35 MPa and crushing stress = 90 MPa. 

2 Design a gib and cottor joint to carry a maximum load of 35 kN. Assuming that the gib, 
cotter and rod are of same material and have the following allowable stresses: σt = 20 
MPa ; τ = 15 MPa ; and σc = 50 MPa. 

3 What are the applications of a cottered joint? 
 A knuckle joint is required to withstand a tensile load of 25 kN. Design the joint if the 

permissible stresses are :σt= 56 MPa ; τ = 40 MPa and σc= 70 MPa. 
4 Design and draw a spigot and socket cotter joint to support a load varying from 30 kN 

in compression to 30 kN in tension. The material used is carbon steel for which the 
following allowable stresses may be used. The load is applied statically.Tensile stress = 
compressive stress = 50 MPa; shear stress = 35 MPa and crushing stress = 90 MPa. 

5 Design a sleeve and cotter joint to resist a tensile load of 60 kN. All parts of the joint 
are made of the same material with the following allowable stresses: Tensile stress = 
60 MPa; shear stress = 70 MPa; and compressive stress = 125 MPa. 

6 Design and draw a protective type of cast iron flange coupling for a steel shaft 
transmitting 15 kW at 200 r.p.m. and having an allowable shear stress of 40 MPa. The 
working stress in the bolts should not exceed 30 MPa. Assume that the same material 
is used for shaft and key and that the crushing stress is twice the value of its shear 
stress. The maximum torque is 25% greater than the full load torque. The shear 
stressfor cast iron is 14 MPa. 

7 What is a key? State its function with neat sketch. 
8 Design the rectangular key for a shaft of 50 mm diameter. The shearing and crushing 

stresses for the key material are 42 MPa and 70 MPa. 
9 How are the keys classified? Draw neat sketches of different types of keys and state 

their applications. 
10 What is the effect of keyway cut into the shaft? 
11 A 45 mm diameter shaft is made of steel with yield strength of 400 MPa. A parallel 

key of size 14 mm wide and 9 mm thick made of steel with yield strength of 340 MPa 
is to be used. Find the required length of key, if the shaft is loaded to transmit the 
maximum permissible torque. Use maximum shear stress theory and assume a factor 
of safety of 2. 

12 Distinguish between cotter joint and knuckle joint. 
13 What is the effect of keyway cut into the shaft? 
14 Design and draw a sleeve and cotter joint to resist a tensile load of 60 kN. All parts of 

the joint are made of the same material with the following allowable stresses: Tensile 
stress = 60 MPa, Shear stress = 70 MPa and crushing stress = 125 MPa 

15 Design and draw a knuckle joint to connect two mild steel bars under a tensile load of 
25 kN. The allowable stresses are 65 MPa in tension, 50 MPa in shear and 83 MPa in 
crushing. 

16 Square key is stronger against crushing than rectangular key justify the statement. 
17 A 16×10mm2 cross section parallel key is to be used to transmit 60 kW power at 1440 

rpm from a shaft of 45mm diameter. The key is made of plain carbon steel with yield 
strength of 300N/mm2. If the required safety margin is 3, determine the key length 

18 List out the procedure for designing a knuckle joint stating all the empirical relations 



 

 

involved in it with suitable diagram. 
19 Kennedy keys are used to transmit 30 kW power at 500 rpm from 40mm diameter shaft 

to the hub. The keys are made of steel 55C8 with yield strength of 400N/mm2 and 
ultimate tensile strength of 700N/mm2. If the factor of safety required is 3 and overload 
factor is 1.5 design the keys. 
20With neat diagram explain the design procedure involved in designing a cotter 
joint. 

20 Explain the purpose of a gib.  
21 How is a sunk key designed? 
22 Design a knuckle joint to connect two circular rods subjected to an axial tensile force of 

50 kN. The rods are co-axial and a small amount of angular movement between their 
axes is permissible. Assume permissible stresses as: ft = 80 N/mm2 ; fs = 40 N/mm2 ; fc 
= 80 N/mm2 . 

23 Mention different types of cotter joints. Where are they used?  
24 Design a socket and spigot type cotter joint to resist a load of 25 kN. Assume safe 

stresses as: σt=50 MPa;  =40 MPa; σc=65 MPa. 
25 Where do you use a Knuckle joint? Give practical examples 
26 Sketch the following types of keys: Taper sunk key, Feather key, Woodruff key. 
27 The maximum pull in the tie rods of a turnbuckle used in the roof truss is 4.5 kN. The tie 

rods are made of steel 40C8 (syt=380 N/mm2), and the factor of safety is 5. Determine 
the nominal diameter of the threads on the tie rod on the basis of Maximum principal 
stress theory. Assume dc = 0.8 d.  
b) What is efficiency of riveted joint? How do you find it? 

28 What are the basic functions of keys? What are the factors on which the selection of the 
type of key for a given application depends? 

29 Two rods are connected by means of a knuckle joint. The axial force acting on the rods 
is 25 kN. The rods and pin are made of plain carbon steel 45C8 (syt=380 N/mm2), and 
the factor of safety is 2.5. The yield strength in shear is 57.7% of the yield strength in 
tension. Calculate the diameter of the rods and the diameter of the pin. 

30 What are the applications of a cotter joint? Explain.  
31 A 45 mm diameter shaft is made of steel with a yield strength of 400 MPa. A parallel 

key of size 14 mm width and 9 mm thickness made of steel with yield strength of 340 
MPa is to be used. Find the required length of key, if the shaft is loaded to transmit the 
maximum permissible torque. Use maximum shear stress theory and assume a factor 
of safety of 2. 

32 Why is a cotter joint provided with a taper? And why is the taper provided only on one 
side?  

33 What is Kennedy key? What are its advantages and disadvantages over flat key 
34 Two rod ends of a pump are joined by means of a cotter and spigot and socket at the 

ends. Design the joint for an axial load of 100 kN which alternately changes from tensile 
to compressive. The allowable stresses for the material are 50 MPa in tension, 40 MPa 
in shear, and 100 MPa in crushing.  

35 What is a cotter joint? Why is cotter provided with a taper, and why is the taper 
provided only on one side?  

36 Why is taper provided on a sunk key? And why is the taper provided only on one side 

37 It is required to design a square key for fixing a pulley on the shaft, which is 50 mm in 
diameter. The pulley transmits 10 kW power at 200 rpm to the shaft. The key is made of 
steel 45C8 (syt =syc=380N/m2) and the factor of safety is 3. Determine the dimensions 
of the key. 

38 Why gibs are used in a cotter joint? Explain, with a sketch the use of double gib. 



 

 

39 A rectangular sunk key 14 mm wide, 10 mm thick and 75 mm long is required to 
transmit 1200 N-m torque from a 50 mm diameter solid shaft. Determine whether the 
length is sufficient or not, if the permissible shear stress and crushing stress are 
limited to 56 MPa and 168 MPa respectively. 

 
 



 

 

UNIT –V 
DESIGN OF SHAFTS & DESIGN OF COUPLINGS 

1 What type of stresses is induced in shafts? 
2 A solid circular shaft is subjected to a bending moment of 3000 N-m and a torque of 10 

000 N-m. The shaft is made of 45 C 8 steel having ultimate tensile stress of 70 MPa and 
a ultimate shear stress of 500 MPa. Assuming a factor of safety as 6, determine the 
diameter of the shaft. 

3 A shaft is supported by two bearings placed 1 m apart. A 600 mm diameter pulley is 
mounted at a distance of 300 mm to the right of left hand bearing and this drives a 
pulley directly below it with the help of belt having maximum tension of 2.25 kN. 
Another pulley 400 mm diameter is placed 200 mm to the left of right hand bearing 
and is driven with the help of electric motor and belt, which is placed horizontally to 
the right. The angle of contact for both the pulleys is 180° and μ = 0.24. Determine the 
suitable diameter for a solid shaft, allowing working stress of 63 MPa in tension and 42 
MPa in shear for the material of shaft. Assume that the torque on one pulley is equal to 
that on the other pulley. 

4 A steel solid shaft transmitting 15 kW at 200 r.p.m. is supported on two bearings 750 
mm apart and has two gears keyed to it. The pinion having 30 teeth of 5 mm module is 
located 100 mm to the left of the right hand bearing and delivers power horizontally to 
the right. The gear having 100 teeth of 5 mm module is located 150 mm to the right of 
the left hand bearing and receives power in a vertical direction from below. Using an 
allowable stress of 54 MPa in shear, determine the diameter of the shaft. 

5 How the shaft is designed when it is subjected to twisting moment only? 
6 A shaft made of mild steel is required to transmit 100 kW at 300 r.p.m. The supported 

length of the shaft is 3 meters. It carries two pulleys each weighing 1500 N supported 
at a distance of 1 metre from the ends respectively. Assuming the safe valu of stress, 
determine the diameter of the shaft. 

7 A solid shaft is transmitting 1 MW at 240 r.p.m. Determine the diameter of the shaft if 
the maximum torque transmitted exceeds the mean torque by 20%. Take the 
maximum allowable shear stress as 60 MPa. 

8 A steel spindle transmits 4 kW at 800 r.p.m. The angular deflection should not exceed 
0.25° per metre of the spindle. If the modulus of rigidity for the material of the spindle 
is 84 GPa, find the diameter of the spindle and the shear stress induced in the spindle. 

9 Discuss the function of a coupling. Give at least three practical applications. 
10 Design and make a neat dimensioned sketch of a muff coupling which is used to 

connect two steel shafts transmitting 40 kW at 350 r.p.m. The material for the shafts 
and key is plain carbon steel for which allowable shear and crushing stresses may be 
taken as 40 MPa and 80 MPa respectively. The material for the muff is cast iron for 
which the allowable shear stress may be assumed as 15 MPa. 

11 Describe, with the help of neat sketches, the types of various shaft couplings 
mentioning the uses of each type. 

12 Design and draw a clamp coupling to transmit 30 kW at 100 r.p.m. The allowable shear 
stress for the shaft and key is 40 MPa and the number of bolts connecting the two 
halves are six. The permissible tensile stress for the bolts is 70 MPa. The coefficient of 
friction between the muff and the shaft surface may be taken as 0.3. 

13 Design a cast iron protective type flange coupling to transmit 15 kW at 900 r.p.m. from 
an electric motor to a compressor. The service factor may be assumed as 1.35. The 
following permissible stresses may be used: Shear stress for shaft, bolt and key 
material = 40 MPa Crushing stress for bolt and key = 80 MPa Shear stress for cast iron 
= 8 MPa Draw a neat sketch of the coupling. 



 

 

14 Design and draw a cast iron flange coupling for a mild steel shaft transmitting 90 kW at 
250 r.p.m. The allowable shear stress in the shaft is 40 MPa and the angle of twist is 
not to exceed 1° in a length of 20 diameters. The allowable shear stress in the coupling 
bolts is 30 MPa. 

15 Design a bushed-pin type of flexible coupling to connect a pump shaft to a motor shaft 
transmitting 32 kW at 960 r.p.m. The overall torque is 20 percent more than mean 
torque.The material properties are as follows : 
1. The allowable shear and crushing stress for shaft and key material is 40 MPa and 80 
MPa respectively. 
2. The allowable shear stress for cast iron is 15 MPa. 
3. The allowable bearing pressure for rubber bush is 0.8 N/mm2. 
4. The material of the pin is same as that of shaft and key. Draw neat sketch of the 
coupling 
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DESIGN OF MACHINE MEMBERS – I 
(Common to ME, AME) 

Time: 3 hours                                   Max. Marks: 75 
 
Note:  This question paper contains two parts A and B. 
 Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B 
 consists of 5 Units. Answer any one full question from each unit.  Each question carries 
 10 marks and may have a, b, c as sub questions. 
 

PART - A (25 Marks) 
  
1.a) What are the factors to be considered for the selection of materials for the design            
 of machine elements?              [2] 
   b) Illustrate how the stress concentration in a component can be reduced.      [3] 
   c) What is an economical joint and where does it find applications?            [2]     
   d) Sketch and discuss the various types of welded joints used in pressure vessels.  [3] 
   e)      Distinguish between cotter joint and knuckle joint.            [2] 
   f)      What is the effect of keyway cut into the shaft?          [3] 
   g)      What type of stresses are induced in shafts?             [2]  
   h)      What are flexible couplings and what are their applications?       [3] 
   i)       Classify springs according to their shapes.           [2] 
   j)       What is nipping in a leaf spring? Discuss its role.          [3] 
 

PART - B (50 Marks) 
(Assume suitable data if necessary) 

 
2. A mild steel shaft of 50 mm diameter is subjected to a bending moment of 2000 Nm 
 and a torque T. If the yield point of the steel in tension is 200 MPa, find the maximum 
 value of this torque without causing yielding of the shaft according to (a) the maximum 
 principal stress (b) the maximum shear stress and (c) the maximum distortion strain 
 energy theory of yielding.          [10] 

OR 
3.  A machine component is subjected to a flexural stress which fluctuates between + 300 
 MN/m2 and – 150 MN/m2. Determine the value of minimum ultimate strength 
 according to (a) Gerber relation (b) Modified Goodman relation (c) Soderberg relation. 
 Take yield strength = 0.55 Ultimate strength, endurance  strength = 0.5 Ultimate 
 strength and factor of safety = 2.          [10] 
 
4.   Design the longitudinal joint for a 1.25 m diameter steam boiler to carry a steam 
 pressure of 2.5 N/mm2. The ultimate strength of the boiler plate may be assumed as 420 
 MPa, crushing strength as 650 MPa and shear strength as 300 MPa. Take the joint 
 efficiency as 80%. Sketch the joint with all dimensions. Adopt the suitable factor of 
 safety.              [10] 

OR 
5. A 125 × 95 × 10 mm angle is welded to a frame by two 10 mm fillet welds, as shown 
 in Figure. A load of 16 kN is applied normal to the gravity axis at a distance of 300 mm 
 from the centre of gravity of welds. Find the maximum shear stress in the welds, 
 assuming each weld to be 100 mm long and parallel to the axis of the angle.     [10] 
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6.   Design and draw a sleeve and cotter joint to resist a tensile load of 60 kN. All parts of 
 the joint are made of the same material with the following allowable stresses: Tensile 
 stress = 60 MPa, Shear stress = 70 MPa and crushing stress = 125 MPa.    [10] 

OR 
7.  Design and draw a knuckle joint to connect two mild steel bars under a tensile load of 
 25 kN. The allowable stresses are 65 MPa in tension, 50 MPa in shear and 83 MPa in 
 crushing.            [10] 
 
8. A steel solid shaft transmitting 15 kW at 200 rpm is supported on two bearings 750 mm 
 apart and has two gears keyed to it. The pinion having 30 teeth of 5 mm module is 
 located 100 mm to the left of the right hand bearing and delivers power horizontally to 
 the right. The gear having 100 teeth of 5 mm module is located 150 mm to the right of 
 the left hand bearing and receives power in a vertical direction from below. Using an 
 allowable stress of 54 MPa in shear, determine the diameter of the shaft.         [10] 

OR 
9.  Design and draw a protective type of cast iron flange coupling for a steel shaft 
 transmitting 15 kW at 200 rpm and having an allowable shear stress of 40 MPa. The 
 working stress in the bolts should not exceed 30 MPa. Assume that the same material is 
 used for shaft and key and that the crushing stress is twice the value of its shear stress. 
 The maximum torque is 25% greater than the full load torque. The shear stress for cast 
 iron is 14 MPa.           [10] 
 
10. Design a helical spring for a spring loaded safety valve for the following conditions: 
 Diameter of the valve seat = 65 mm 
 Operating pressure = 0.7 N/mm2 

 Maximum pressure when the valve blows off freely = 0.75 N/mm2 

 Maximum lift of the valve when the pressure rises from 0.7 to 0.75 N/mm2 is 3.5 mm  
 Maximum allowable stress = 550 MPa  
 Modulus of rigidity = 84 kN/mm2  

 Spring index = 6 
 Draw a neat sketch of the free spring showing the main dimensions.    [10] 

OR 
11.  A helical spring B is placed inside the coils of a second helical spring A, having the 
 same number of coils and free length. The springs are made of the same material. The 
 composite spring is compressed by an axial load of 2300 N which is shared between 
 them. The mean diameters of the springs A and B are 100 mm and 70 mm respectively 
 and wire diameters are 13 mm and 8 mm respectively. Find the load taken and the 
 maximum stress in each spring.         [10] 
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Note:  This question paper contains two parts A and B. 
Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B 
consists of 5 Units. Answer any one full question from each unit.  Each question carries 
10 marks and may have a, b, c as sub questions. 

 
PART - A  

(25 Marks) 

 
1.a) List any four factors that govern selection of materials while designing a machine 

component.          [2] 
   b) Define stress concentration along with its causes. Write any one method to reduce 

stress concentration.          [3] 
   c) What is bolts of uniform strength?       [2] 
   d) What are the reasons of replacing the riveted joints by welded joints in modern 

equipment?          [3] 
   e) Define the term throat area of the weld.       [2] 
   f) Square key is stronger against crushing than rectangular key justify the statement. [3] 
   g) With suitable example state when flexible coupling is preferred over the rigid coupling.

           [2] 
   h) Define BIS code? State its application in machine design with suitable example.  [3] 
   i) If a single spring is cut into 2 equal pieces what will be the stiffness of each individual 

spring after cutting.         [2] 
   j) What is nipping?         [3] 
 

PART - B  

(50 Marks) 

 
2.a) Explain the following theories of failure. 

i) Rankine’s Theory  
ii) Maximum Strain Energy Theory 
iii) Saint Venant’s Theory. 

    b) With neat sketch explain how the Sodenberg and Goodman lines differ from each other.  
            [6+4] 

OR 

3. A cantilever of circular cross section is fixed at one end and subjected to completely 
reversed force of 10 kN at the free end. The force is perpendicular to the axis of the 
beam. The distance between the free and fixed end is 100 mm. The beam is made up of 
steel with ultimate tensile strength of 540 N/mm2 and tensile yield strength of 
320N/mm2. The construction of cantilever is such that there is no stress concentration. 
The size factor, surface finish factor and reliability factor are 0.85, 0.8, and 0.86 
respectively. The operating temperature is 50 0C for which the temperature factor is 
1.010. If the diameter of the beam is 35mm determine the life of the beam?    [10] 
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4. A bracket plate carrying a load of 150 kN is to be welded to a column as shown in 

figure find the size of the weld, if the allowable shear stress in the weld is 120MPa.
             [10]  

 
OR 

 

5.a) Explain the 4 possible ways of failures in single rivet with suitable diagram for each 
case.  

b) A circular bar of 50 mm diameter is welded to a steel plate by an annular fillet and is 
subjected to a twisting moment of 2 kNm.  If the allowable shear stress in the weld 
material is 85 MPa, determine the size of the weld.     [5+5] 

 
6.a) A 16×10mm2 cross section parallel key is to be used to transmit 60 kW power at         

1440 rpm from a shaft of 45mm diameter. The key is made of plain carbon steel with 
yield strength of 300N/mm2. If the required safety margin is 3, determine the key 
length. 

b) List out the procedure for designing a knuckle joint stating all the empirical relations 
involved in it with suitable diagram.       [6+4] 

OR 

7.a) Kennedy keys are used to transmit 30 kW power at 500 rpm from 40mm diameter shaft 
to the hub. The keys are made of steel 55C8 with yield strength of 400N/mm2 and       
ultimate tensile strength of 700N/mm2. If the factor of safety required is  3 and overload 
factor is  1.5 design the keys. 

   b) With neat diagram explain the design procedure involved in designing a cotter joint. 
            [6+4] 
 
8. A shaft supported between two bearings 400 mm apart carries an overhanging bevel 

gear at one end at a distance of 150 mm from the nearest bearing. The pitch circle 
diameter of bevel gear is 200mm. the tangential, radial and axial forces acting on the 
bevel gear are 28kN, 9.8kN and 2.9kN respectively. The shaft speed is 600 rpm .the 
ultimate and yield strengths of shaft material are 280 N/mm2and 135 N/mm2 
respectively. The combined shock and fatigue factors in bending and torsion are 1.5 and 
1.0 respectively. Determine the shaft diameter also calculate the power transmitted by 
shaft.              [10] 

OR 
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9. A bushed –pin type flexible flange coupling is used to transmit 30kW power at 1440 
rpm from an electric motor to a machine. If the peak torque is 20% more than the 
average torque, design the coupling. Assume following permissible stresses for the 
components of the coupling. Take permissible bearing pressure as 1N/mm2.    [10] 

 
C.I FLANGE PLAIN CARBON 

STEEL 
(shaft and key) 

ALLOY 
STEEL 

(pin) 
Allowable 
tensile stress 

20 80 250 

Allowable 
compressive 
stress 

60 80 250 

Allowable 
shear stress 

15 35 125 

 
10.a) Write a note on short peening in springs. 

b) A semi elliptic leaf spring used for an automobile suspension consists of 3 extra full 
length leaves and 15 graduated leaves including the master leaf. The center to center 
distance between two eyes of the spring is 1 meter. The maximum force that can act on 
the spring is 75kN .the ratio of width to thickness for each leaf is 9:1. The leaves are 
pre stressed in such a way that when the force is maximum the stress induced in all 
leaves are 450 N/mm2. If modulus of elasticity is 2.07×105N/mm2. Determine  

            i) The cross section of the leaves 
            ii) The initial nip 

iii) The initial preload required to close the gap between extra full lengths and 
graduated leaves.         [3+7] 

OR 

11.a) Explain the surging of leaf springs. 
b) A composite compression spring has two closed coil helical springs. The outer spring is 

15 mm longer than the inner spring .The outer spring has 10 coils of mean diameter 
40mm and wire diameter 5 mm. The inner spring has 8 coils of mean diameter 30 mm 
and wire diameter 4 mm. when the spring is subjected to an axial load of 400 N Find; 

 Modulus of rigidity may be taken as 84 kN/mm2.      [3+7] 
 
 
 

---ooOoo--- 

 
 

            i) Compression of each spring 
            ii) Load shared by each spring  
            iii) Shear stress induced in each spring. 

Type of stress 

 N/mm2 
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Note:  This question paper contains two parts A and B. 

Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B 

consists of 5 Units. Answer any one full question from each unit.  Each question carries 

10 marks and may have a, b, c as sub questions.  

 

Illustrate your answers with NEAT sketches wherever necessary. 

 

PART - A  

(25 Marks) 

 

1.a)      Define ‘Endurance limit’.        [2] 

   b)      What are the advantages of hole – basis system over shaft – basis system?  [3] 

   c)      What is ‘caulking’? What is its objective?         [2] 

   d)      What is the cause of residual stresses in welded joints? How are they relieved? [3] 

   e)      Where do you use a Knuckle joint? Give practical examples.   [2] 

   f)      Sketch the following types of keys:  Taper sunk key, Feather key, Woodruff key. [3] 

   g)      Define equivalent torsional moment and equivalent bending moment for a shaft. [2] 

   h)      Give at least three practical applications of Couplings.    [3] 

   i)      What is helical torsion spring? How does it differ from helical compression spring?

            [2] 

   j)    What is pulsating shear stress? Why are springs subjected to pulsating shear stress?  

            [3] 

 

PART - B  

(50 Marks) 

 

2.a)  What is ‘Preferred numbers or Preferred series’? What are its advantages? 

   b)  The stresses at a point in a body are sx = 90 N/mm
2
, sy = 20 N/mm

2
, and   

sxy = 80 N/mm
2
. The material tests syp = 280 N/mm

2
. Find the factor of safety according 

to the:  

i) Maximum principal stress theory of failure,  

ii) Maximum shear stress theory of failure 

iii) Maximum strain energy theory of failure.      [5+5]    

OR 

3.a)  Explain the effects of Stress concentration in Fatigue loading.  

   b)  A stepped shaft transmits a torque varying from 800 N-m to 1200 N-m. The ratio of  

        diameters is 1.5 and the stress concentration factor is 1.2. Determine the diameter of the  

         shaft for infinite life for a design factor of safety 1.8. The value of sut = 600 N/mm
2
, and 

         syt = 450 N/mm
2
.         [5+5] 

 

4.a)  Discuss the methods of failure of riveted joints. 

   b)  Show that the plane of maximum shear stress occurs at 45
0
 for a parallel load on a fillet   

         weld of equal legs. Neglect bending. Determine the allowable force P per cm of weld          

 length, if the allowable shear stress is 95 N/mm
2
.       [5+5]    

OR 
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5.a)  The maximum pull in the tie rods of a turnbuckle used in the roof truss is 4.5 kN. The 

tie rods are made of steel 40C8 (syt = 380 N/mm
2
) and the factor of safety is 5. 

Determine the nominal diameter of the threads on the tie rod on the basis of Maximum 

principal stress theory. Assume dc = 0.8 d. 

   b)  What is efficiency of riveted joint? How do you find it?    [5+5] 

 

6.a)  What are the basic functions of keys? What are the factors on which the selection of the  

        type of key for a given application depends? 

b)  Two rods are connected by means of a knuckle joint. The axial force acting on the rods 

is 25 kN. The rods and pin are made of plain carbon steel 45C8 (syt = 380 N/mm
2
), and 

the factor of safety is 2.5. The yield strength in shear is 57.7% of the yield strength in 

tension. Calculate the diameter of the rods and the diameter of the pin.  [5+5] 

OR 

7.a)  What are the applications of a cotter joint? Explain. 

b)  A 45 mm diameter shaft is made of steel with a yield strength of 400 MPa. A parallel 

key of size 14 mm width and 9 mm thickness made of steel with a yield strength of        

340 MPa is to be used. Find the required length of key, if the shaft is loaded to transmit 

the maximum permissible torque. Use maximum shear stress theory and assume a 

factor of safety of 2.         [5+5] 

 

8.a)  Distinguish between Shaft, Axle and Spindle. 

b)   A sleeve-coupling is used on a shaft of 40 mm diameter, delivering a torque of               

50 N – m. Calculate the diameter of the pin required to hold the coupling, if the design 

stress for the pin material in shear is 100 MPa.     [5+5] 

OR 

9.a)  Explain the design procedure for Muff coupling. 

b)  A hollow circular shaft of outer and inner diameters do and di respectively is subjected 

to a torsional moment of Mt over a length l. The permissible angle of twist is θ degrees.  

         Prove that the shaft diameter is given by:   do = 
4

584

θ(1 - C )

tM l

G

 
 
 

, where C = i

o

d

d

 
 
 

. [5+5] 

 

10.a)  How do you determine the natural frequency of helical springs? 

     b)  A helical compression spring is subjected to an initial pre-load of 50 N, and the                         

 maximum force during the load cycle is 300 N. The wire diameter is 5 mm, and spring 

          index is 5. The spring is made of oil-hardened and tempered steel wire of Grade-SW          

 (syt = 1440 N/mm
2
). Determine the factor of safety against fluctuating stresses. [5+5] 

OR 

11.     A concentric spring consists of two helical compression springs, one inside the other. 

The free length of the outer spring is 25 mm greater than that of the inner spring. The 

wire diameter and mean coil diameter of the inner spring are 8 mm and 64 mm 

respectively. Also, the wire diameter and mean coil diameter of the outer spring are     

10 mm and 80 mm respectively. The number of active coils in the inner and outer 

springs are 10 and 15 respectively. Assume the same material for both the springs. The 

modulus of rigidity of spring material is 81370 N/mm
2
. Calculate the stiffness of spring 

when the deflection is more than 25 mm.        [10] 

  

 

---ooOoo--- 
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Methods of Riveting: 

The function of rivets in a joint is to make a connection that has strength and tightness. 

The strength is necessary to prevent failure of the joint. The tightness is necessary in 

order to contribute to strength and to present leakage as in a boiler or in a ship hull. When 

two plates are to be fastened together by a rivet as shown in Fig. (a), the holes in the 

plates are punched and reamed or drilled. Punching is the cheapest method and is used for 

relatively thin plates and in structural work. Since punching injures the material around 

the hole, therefore drilling is used in most pressure-vessel work. In structural and 

pressure vessel riveting, the diameter of the rivet hole is usually 1.5 mm larger than the 

nominal diameter of the rivet 

 

The plates are drilled together and then separated to remove any burrs or chips so as to 

have a tight flush joint between the plates. A cold rivet or a red hot rivet is introduced 

into the plates and the point (i.e. second head) is then formed. When a cold rivet is used, 

the process is known as cold riveting and when a hot rivet is used, the process is known 

as hot riveting. The cold riveting process is used for structural joints while hot riveting is 

used to make leak proof joints. 

 The riveting may be done by hand or by a riveting machine. In hand riveting, the original 

rivet head is backed up by a hammer or heavy bar and then the die or set, as shown in 

Fig.(a), is placed against the end to be headed and the blows are applied by a hammer. 

This causes the shank to expand thus filling the hole and the tail is converted into a point 

as shown in Fig.(b). As the rivet cools, it tends to contract. The lateral contraction will be 

slight, but there will be a longitudinal tension introduced in the rivet which holds the 

together. 

In machine riveting, the die is a part of the hammer which is operated by air, hydraulic or 

steam pressure. 



1. For steel rivets up to 12 mm diameter, the cold riveting process may be used while for 

larger diameter rivets, hot riveting process is used.  

2. In case of long rivets, only the tail is heated and not the whole shank. 

Types of Rivet Heads: 

              ,,

 



 

 



In a single strap butt joint, the edges of the main plates butt against each other and only 

one cover plate is placed on one side of the main plates and then riveted together. In a 

double strap butt joint, the edges of the main plates butt against each other and two cover 

plates are placed on both sides of the main plates and then riveted together. In addition to 

the above, following are the types of riveted joints depending upon the number of rows of 

the rivets.  

1. Single riveted joint, and  

2. Double riveted joint. 

 A single riveted joint is that in which there is a single row of rivets in a lap joint as 

shown in Fig (a) and there is a single row of rivets on each side in a butt joint as shown in 

Fig. A double riveted joint is that in which there are two rows of rivets in a lap joint as 

shown in Fig. (b) and (c) and there are two rows of rivets on each side in a butt joint as 

shown in Fig. 

 

 



 

 

 

 



Caulking and Fullering : 

In order to make the joints leak proof or fluid tight in pressure vessels like steam boilers, 

air receivers and tanks etc. a process known as caulking is employed. In this process, a 

narrow blunt tool called caulking tool, about 5 mm thick and 38 mm in breadth, is used. 

The edge of the tool is ground to an angle of 80°. The tool is moved after each blow 

along the edge of the plate, which is planed to a level of 75° to 80° to facilitate the 

forcing down of edge. It is seen that the tool burrs down the plate at A in Fig.2 (a) 

forming a metal to metal joint. In actual practice, both the edges at A and B are caulked. 

The head of the rivets as shown at C are also 

 



 



 



 



 



 

 



 



 



 



  



  

 



 





 

 





  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

         10. Angle of thread. It is the angle included by the flanks of the thread.  

         11. Slope. It is half the pitch of the thread 



 



 

 



 



 







 



 



 

 

 

 

 

 

 



 



 



 















 

Set.1 

1. What is LVDT? Explain its advantages, disadvantages and applications 

2. Explain strain gauge accelerometer and capacitance accelerometer in detail? 

3. Explain piezo resistive strain gauges and its advantages? 

4. Explain any one purge system to measure liquid level. 

Set.2 

1. Explain any one float operated liquid level gauges 

2. List any four mechanical tachometers used for measuring angular velocity and briefly explain 

them with suitable exams. 

3. Explain any one type of electrical tachometer 

4. Explain strain gauge accelerometer in detail 

Set.3. 

1.Explain the piezo electric transducer for displacement measurement and advantage’s and 

application and limitations. 

2.Explain and draw generalized measurement system and explain elements 

3.State law of thermo couple .how are the laws useful in construction of thermo couple thermo 

meter 

4.write manometer types and Explain any two types 

Set.4. 

1 Explain U-tube manometer andadvantage’s and application and limitations 

2 Explain and draw generalized measurement system and explain elements 

3 
Explain the piezo electric transducer for displacement measurement and advantage’s and 

application and limitations 

4 Explain bourdon gauge with neat sketch and write advantages and limitations 

 



  Instrumentation and control systems  

1. Optical radiations involve _________ 

a) optoelectric devices b) biological devices     

c) Mechanical devices  d) chemical devices   

2. Photoelectric transducers consist of _______ 

a) 1 transducer   b) 3 transducers    

c) 5 transducers  d) 10 transducers  

3. Photoconductive transducers produce output ________ 

a) due to change in inductance b) due to change in light   

c) due to change in resistance  d) due to change in temperature 

4. Which of the following are nuclear radiations? 

a) Beta   b) Alpha       

c) Gamma  d) All of the mentioned   

5. Which of the following is correct for the ionization transducer? 

a) Grid current decrease constantly b) Grid current Increases constantly     

c) Grid current is made constant d) None of the mentioned    

6. Cold cathode ionization vacuum gauges are more accurate than hot cathode ionization 

vacuum gauges. 

a) True    b) False        

7.  Potentiometric resistance transducer measures __________ 

a) linear displacement  b) rectangular displacement 

c) square displacement d) triangular displacement        

8. Resistance potentiometer consists of _________ 

a) capacitive element  b) resistive element 

c) inductive element  d) no elements  

    

9. Resistance transducer has _________ 



a) medium efficiency   b) low efficiency 

c) high efficiency   d) zero efficiency     

10. A capacitive transducer works on the principle of ________ 

a) inductance    b) capacitance 

c) resistance    d) reluctance    

11. Capacitance can be varied in ________   

     

12. Capacitive pressure transducer uses distance of separation for sensing the ______ 

   

13. Piezoelectric transducer is used for measuring __________ 

   

14. RVDT means __________ 

    

15. Piezoelectric crystals produce _________ 

    

16. Thermistor is a contraction of _________ 

   

17. Thermistors have ________coefficient. 

 

18. Thermistor has a resistance of ________ 

   

19. Thermistors are suited for ________measurements. 

    

20. Change in resistance is measured using a ________ 
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B. Tech IV Year I Semester Examinations, May/June - 2019 

INSTRUMENTATION AND CONTROL SYSTEMS 

 (Common to ME, AME) 

Time: 3 Hours                         Max. Marks: 75 

 

Note:  This question paper contains two parts A and B. 

Part A is compulsory which carries 25 marks. Answer all questions in Part A.                 

Part B consists of 5 Units. Answer any one full question from each unit.  Each question 

carries 10 marks and may have a, b, c as sub questions. 

 

PART- A  

(25 Marks) 

 

1.a) What are the basic requirements of any measuring instrument?   [2]   

   b)      What is the influence of temperature on the design of measuring instruments?  [3] 

   c)      Give the classification of temperature measuring instruments.       [2] 

   d)      What are the limitations of diaphragm gauges?      [3] 

   e)      Differentiate between direct and indirect methods of level measurement.   [2] 

   f)       Explain the limitations of mechanical tachometers.      [3] 

   g)      Define gauge factor.            [2] 

   h)      What are the applications of load cells?       [3] 

   i)       Comment about the importance of control systems.      [2] 

   j)       Differentiate between closed and open loop control systems.    [3] 

 

PART - B 

 (50 Marks) 

 

2. Explain the dynamic performance characteristics of measuring instruments. [10] 

OR 

3. What are the various sources of error in measuring instruments? Suggest and explain the 

methods to minimize them.        [10] 

  

4.a) Explain the use of photo electric transducers for displacement measurement.  

   b) Discuss various principles of pressure measurement.    [5+5] 

OR 

5.a) Explain various arrangements of manometers for pressure measurement. 

   b)  Describe the arrangement of thermocouples for low temperature measurement. [5+5] 

 

6.a) Give the constructional details and explain the working of a bubbler level indicator. 

   b) Explain the working principle of non-contact type tachometer.   [5+5] 

OR 

7.a) Explain the applications and limitations of hot-wire anemometer. 

   b) Explain the principle of working of seismic instruments.    [5+5] 
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8.a) Derive an equation for gauge factor. 

   b)  Explain the working of absorption psychrometer.     [5+5] 

OR 

9.a) What are strain gauge rosettes? Explain their applications. 

   b)  Explain the working of torsion meter.      [5+5] 

  

10. Describe a servomechanism and explain its working.    [10] 

OR 

11.a) List out the rules governing the construction of block diagram. 

     b)  Explain the working of position control system.     [5+5] 

  

 

--ooOoo— 
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Code No: 127EA      

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD 

B. Tech IV Year I Semester Examinations, December - 2019 

INSTRUMENTATION AND CONTROL SYSTEMS 

 (Common to ME, AME) 

Time: 3 Hours                  Max. Marks: 75 

Note:  This question paper contains two parts A and B. 

Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B 

consists of 5 Units. Answer any one full question from each unit.  Each question 

carries 10 marks and may have a, b, c as sub questions. 

 

PART- A 

 (25 Marks) 

 

1.a) What is the role variable conversion element of a measuring instruments.  [2] 

   b) What is the importance of dynamic performance characteristics of measurement? [3] 

   c) Explain the working principle of thermal conductivity gauges.   [2] 

   d) Explain the principle of working of pyrometer     [3] 

   e) Differentiate between contact and Non-contact type tachometer.    [2] 

   f) What are the mechanical methods to measure the vibrations and explain in brief? [3] 

   g) List out the salient features of a semi-conductor type strain gauge.   [2] 

   h) Explain the applications of delta type strain gauge rosettes.    [3] 

   i) List the several control devices with which you are familiar.   [2] 

   j) Differentiate between open and closed loop control systems.   [3] 

 

PART-B  

(50 Marks) 

 

2.a) Explain the various static characteristics of a measurement system in detail.  

   b) Define measurement and explain its significance in our daily life.   [5+5] 

OR 

3.a) Discuss the various types of errors found in instruments.      

   b) What are the differences between accuracy and uncertainty?   [5+5] 

 

4. Discuss the following transducers with respect to their construction, working and 

characteristics.           

a) Capacitance 

b) Ionization          [5+5] 

OR 

5.a) Explain the temperature measurement by thermocouples.     

   b) Explain the temperature measurement by resistance thermometers.   [5+5] 
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6.a) List out the various equipment for measurement of flow. Explain anyone them in brief.  

b) Distinguish between the direct and indirect modes of level measurement. Discuss in brief 

about the methods.         [5+5] 

OR 

7.a) Explain the working of ultrasonic flow meters. Explain the different techniques used for 

measurement of flow velocity.        

   b) What are the advantages and disadvantages of these flow meters?   [5+5] 

 

8.a)  Explain the construction and working of Water Vapour recorder with a sketch.   

   b) Explain mechanical torsion meter and derive its equation.    [5+5] 

OR 

9.a) Explain the measurement of humidity by dew point meter in detail.   

   b) Discuss about torque measuring methods using dynamometers.   [5+5] 

 

10.a) What are the requirements of control system?      

b) Describe the operation of a driver driving an automobile on the road and identify the 

components, input and output of the human system.     [5+5] 

OR 

11.a) Classify the elements in control system. Explain about position control systems with neat 

sketch.           

     b) Write short notes on temperature control system.     [5+5] 

 

 

--ooOoo-- 
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Measurement:- 
 The old measurement is used to tell us length, weight and temperature are a change of these 
physical measurement is the result of an opinion formed by one (or) more observes about the 
relative size (or) intensity of some physical quantities. 

Definition: 
The word measurement is used to tell us the length, the weight, the temperature, the colour or a 
change in one of these physical entities of a material. Measurement provides us with means for 
describing the various physical and chemical parameters of materials in quantitative terms. For example 
10 cm length of and object implies that the object is 10 times as large as 1 cm; the unit employed in 
expressing length. 

These are two requirements which are to be satisfied to get good result from the measurement. 
1. The standard must be accurately known and internationally accepted.
2. The apparatus and experimental procedure adopted for comparison must be provable.

Instrumentation:-  
Definition: 
The human senses cannot provide exact quantitative information about the knowledge of events 
occurring in our environments. The stringent requirements of precise and accurate measurements in the 
technological fields have, therefore, led to the development of mechanical aids called instruments.  

Or 
Definition: the technology of using instruments to measure and control physical and chemical 

properties of materials is called instrumentation. 

    In the measuring and controlling instruments are combined so that measurements provide impulses 

for remote automatic action, the result is called control system. 

Uses: 
-> study the function of different components and determine the cause of all functioning of the system, 
to formulate certain empirical relations. 
-> to test a product on materials for quality control. 
-> to discover effective components. 
-> to develop  new theories. 
-> monitor a data in the interest of health and safety. 
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UNIT-1

Instrumentation and Control

General Concept



Ex:- fore casting weather it predicting in the earth case. 
 
Methods of measurement:- 
1. Direct and indirect measurement. 
2. Primary and secondary & tertiary measurement. 
3. Contact and non-contact type of measurement. 

 
1. Direct and indirect measurement: 
                           
Measurement is a process of comparison of the physical quantity with a standard depending upon 
requirement and based upon the standard employed, these are the two basic methods of 
measurement. 
 
Direct measurement: 

                          The value of the physical parameter is determined by comparing it directly with 
different standards. The physical standards like mass, length and time are measured by direct 
measurement. 

Indirect measurement: 
                          The value of the physical parameter is more generally determined by indirect 
comparison with the secondary standards through calibration. 
                            The measurement is convert into an analogous signal which subsequently process 
and fed to the end device at present the result of measurement. 

 
2. Primary and secondary & tertiary measurement: 
                         The complexity of an instrument system depending upon measurement being made and 
upon the accuracy level to which the measurement is needed. Based upon the complexity of the 
measurement systems, the measurement are generally grouped into three categories. 
i. Primary 
ii. Secondary 
iii. Tertiary. 

          In the primary mode, the sought value of physical parameter is determined by comparing it 
directly with reference standards the required information is obtained to sense of side and touch. 

Examples are: 
 

a) Matching of two lengths is determining the length of a object with ruler. 
b) Estimation the temperature difference between the components of the container by inserting fingers. 
c) Use of bean balance measure masses. 
d) Measurement of time by counting a number of strokes of a block. 

                      Secondary and tertiary measurement are the indirect measurements involving one 
transmission are called secondary measurements and those involving two convergent are called 
tertiary measurements. 
 

Ex: 
    The convergent of pressure into displacement by means of be allows and the convergent of force 
into displacement. 
     Pressure measurement by manometer and the temperature measurement by mercury in glass 
tube thermometer. 
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The measurement of static pressure by boundary tube pressure gauge is a typical example of tertiary 
measurement. 
3. Contact and non-contact type of measurements: 
 
Contact type: 
Where the sensing element of measuring device as a contact with medium whose characteristics are 
being measured. 
 
Non-contact type: 
Where the sense doesn't communicate physically with the medium. 
 
Ex: 
The optical, radioactive and some of the electrical/electronic measurement belong to this category. 
 
Objectives of instrumentation:- 

 
1. The major objective of instrumentation is to measure and control the field parameters to increase 

safety and efficiency of the process. 
2. To achieve good quality. 
3. To achieve auto machine and automatic control of process there by reducing human. 
4. To maintain the operation of the plan within the design exportations and to achieve good quantity 

product. 
Generalised measurement system and its functional elements:- 

 

1) Primary sensing element. 

2) Variable conversion (or) Transducer element. 

3) Manipulation of element. 

4) Data transmission element. 

5) Data processing element. 
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6) Data presentation element. 

The principal functions of an instrument is the acquisition of information by Sensing and perception, the 

process of that information and its final presentation to a Human observer. For the purpose of analysis 

and synthesis, the instrument s are considered as systems (or) assembly of inter connected components 

organised to perform a specified function. The different components are called elements. 

1) PIMARY SENSING ELEMENT: 

 An element that is sensitive to the measured variable .The sensing element sense the condition , state 

(or) value of the process variable by extracting a small part of energy from the measurement and 

produces an output which is proportional to the input. Because of the energy expansion, the measured 

quantity is always disturb. Good instruments are designed to minimise this loading effect. 

2) Variable conversion (or) transducer element: 

An element that converts the signal from one physical for to Another without changing the information 

content of the signal. 

Example: 

 Bourdon tube and bellows which transfer pressure into displacement. 

 Proving ring and other elastic members which converts force into displacement. 

 Rack and Pinion: It converts rotary to linear and vice versa. 

 Thermo couple which converts information about temperature difference to information in the 

form of E.M.F. 

3) MANIPULATION ELEMENT: 

It modifies the direct signal by amplification, filtering etc., so that a desired output is produced. 

[input]× constant = Output 

4) DATA TRANSMISSION ELEMENT: 

An element that transmits the signal from one location to another without changing the information 

content. Data may by transmitted over long distances (from one location to another) or short distances 

(from a test centre to a nearby computer). 

5) DATA PROCESSING ELEMENT: 

An element that modifies data before it is displayed or finally recorded. Data processing may be used for 

such purposes as: 

 Corrections to the measured physical variables to compensate for scaling, non-linearity, zero 

offset, temperature error etc. 
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 Covert the data into useful form, e.g., calculation of engine efficiency from speed, power input 

and torque developed. 

 Collect information regarding average, statistical and logarithmic values. 

6) DATA PRESANTION ELEMENT: 

 

An element that provides record or indication of the output from the data processing element. Ina 

measuring system using electrical instrumentation, an exciter and an amplifier are also incorporated 

into the circuit. 

            The display unit may be required to serve the following functions. 

 transmitting 

 Signalling 

 Registering 

 Indicating  

 recording  

  

The generalised measurement system is classified into 3 stages: 

a) Input Stage  

b) Intermediate Stage 

      i. Signal Amplifications 

      ii. Signal Filtration  

      iii. Signal Modification 

       iv. Data Transmission 

c) Output Stage 
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a) Input Stage: 

Input stage (Detector-transducer) which is acted upon by the input signal (a variable to be measured) 
such as length, pressure, temperature, angle etc. and which transforms this signal in some other physical 
form. When the dimensional units for the input and output signals are same, this functional 
element/stage is referred to as the transformer. 
 
b) Intermediate Stage: 

i. signal amplification to increase the power or amplitude of the signal without affecting its waveform. 
The output from the detector-transducer element' is generally too small to operate an indicator or a 
recorder and its amplification is necessary. Depending upon the type of transducer signal, the 
amplification device may be of mechanical, hydraulic/pneumatic, optical and electrical type.  
 
ii. Signal filtration to extract the desired information from extraneous data. Signal filtration removes the 
unwanted noise signals that tend to obscure the transducer signal. Depending upon nature of the signal 
and situation, one may use mechanical, pneumatic or electrical filters. 
 
iii. Signal modification to provide a digital signal from an analog signal or vice versa, or change the form 
of output from voltage to frequency or from voltage to current. 
 
Iv. Data transmission to telemeter the data for remote reading and recording. 
 
c) Output Stage: 

which constitutes the data display record or control. The data presentation stage collects the output 

from the signal-conditioning element and presents the same to be read or seen and noted by the 

experimenter for analysis. This element may be of:- 

 visual display type such as the height of liquid in a manometer or the position of pointer on a 

scale 

 numerical readout on an electrical instrument 

 Graphic record on some kind of paper chart or a magnetic tape. 

Example: Dial indicator 
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CLASSIFICATION OF INSTRUMENTS:- 

1) Automatic and Manual instruments: 

2) Self generating and power operated 

3) Self contact and remote indicating instruments 

4) Deflection and null type 

5) Analog and digital types 

6) Contact and no-contact type 

1) Automatic and manual instruments: 

 The manual instruments require the services of an operator while the automatic types donot. For 

example, the temperature measurement by mercury-in-glass thermometer is automatic as the 

instrument indicates the temperature without requiring any manual assistance. However, the 

measurement of temperature by a resistance thermometer incorporating; Wheatstone brigde in its 

circuit is manual in operation as it needs an operator for obtaining the null position. 

2) Self generating and power operated 

       Self-generated instruments are the output is supplied entirely by the input signal. The instrument 

does not require any out side power in performing its function 

Example:  mercury in glass thermometer, bourdon pressure gauge, pitot tube for measuring velocity 

        So instruments require same auxillary source of power such as compound air, electricity, hydraulic 

supply for these operations and hence are called externally powered instruments (or) passive 

instruments. 

Example: 

 L.V.D.T(Linear Variable Differential Transducer) 

 Strain gauge load cell 

 Resistance thermometer and the mister. 

 Self contained remote indicator. 

3) Self contact and remote indicating instruments: 

The different elements of a self-contained instrument are contained in one physical assembly. In a 

remote indicating instrument, the primary sensing element may be located at a sufficiently long distance 

from the secondary indicating element. In the modern instrumentation technology, there is a trend to 

instalremote indicating instruments where the important indications can be displayed in the central 

control rooms. 
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4) Deflection and null output instruments:  

In null-type instruments, the physical effect caused by the quantity being measured is nullified 

(deflection maintained at zero) by generating an equivalent opposing effect. The equivalent null causing 

effect then provides a measure of the unknown quantity. A deflection type instrument is that in which 

the physical effect generated by the measuring quantity (measurand) is noted and correlated to the 

measurand. 

5) Analog and digital instruments: 

The signals of an analog unit vary in a continuous fashion and can take on infinite number of values in a 

given range. Wrist watch speedometer of an automobile, fuel gauge, ammeters and voltmeters are 

examples of analog instruments. 

 Instruments basically perform two functions: 

(i) Collection of data and  

(ii) control of plant and process  

Accordingly based upon the service rendered, the instruments may also be classified as indicating 

instruments, recording instruments and controlling instruments. 

INPUT, OUTPUT CONFIGURATION OF A MEASURING INSTRUMENT:- 

 

 An instrument performs an operation on an input quantity (measurement/designed variable) to provide 

an output called the measurements. The input is denoted by “i” and the output is denoted by “o”. 

According to the performance of the instrument can be stated in terms of an operational transfer 

function(G).The input and output relationship is characterised by the operation ‘G’ such that  

o=G i 

The various inputs to a measurement system can be classified into-three categories: 

i) Desired input:  

A quantity that the instrument is specifically intended to measure. The desired input 𝑖𝐷 produces an 

output component according to an input-output relation symbolised by 𝐺𝐷; here 𝐺𝐷 represents the 

mathematical operation necessary to obtain the output from the input.  
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Assignment.1. 

Refrigeration and Air Conditioning 

Submit Date: 30/09/2023 

S.No Questions 
1 Write the advantages of dense air refrigerating systems over open air refrigerating systems. 

2 In a Bell- coleman cycle, air is drawn into the compressor at -50 oC and 1 bar and compressed 
isentropically to 5 bar and then cooled to 150 oC and then expanded in the expansion cylinder to 1 bar 
pressure following the law PV1.2=C. Find the capacity of the refrigeration plant in TOR and COP of the 
system. 

3 Explain the term ``Tonne of refrigeration 
4 List the advantages and disadvantages of air refrigeration system 
5 What are the applications of Refrigeration? 
6 What do you understand by the COP of an air refrigeration cycle? Give its formula. 
7 A cold storage plant is required to store 20 tonnes of fish. The fish is supplied at a temperature of 

30°C. The specific heat of fish above freezing point is 2.93 kJ/kg K. The specific heat of fish below 
freezing point is 7.26 kJ/kg K. The fish is stored in cold storage which is maintained at -80C. The 
freezing point of fish is -40C. The latent heat offish is 235 kJ/kg. If the plant requires 75 kW to drive it, 
find.(a).The capacity of the plant, and. (b).Time taken to achieve cooling. Assume actual C.O.P. of the 
plant as 0.3 of the Carnot C.O.P. 

8 A Bell-Coleman refrigerator operates between pressure limits of 1 bar and 8 bar. Air is drawn from 
the cold chamber at 90C, Compressed and then it is cooled to 290C before entering the expansion 
cylinder. Expansion and compression follows the law PV1.35=constant. Calculate the theoretical COP of 
the system. For air take ϒ =1.4, Cp=1.003 kJ/kg.K 

9 With a neat sketch explain the working of Bell-Coleman cycle and derive the expression for its COP 
10 An air refrigerator working on the principle of Bell-Coleman cycle. The air into the compressor is at 1 

atm at -100C. It is compressed to 10 atm and cooled to 40 0C at the same pressure. It is then expanded 
to 1 atm and discharged to take cooling load. The air circulation is 1 kg/s. The isentropic efficiency of 
the compressor = 80% The isentropic efficiency of the expander = 90% Find the following: i) 
Refrigeration capacity of the system ii) C.O.P of the system Take γ = 1.4, Cp=1.00 kJ/kgK (solution) 

11 What is the difference between Refrigeration and Air Conditioning? 
12 An air refrigerator working on Bell-Coleman cycle takes in air at 1 bar and at a temperature of 100 C. 

The air is compressed to 5 bar abs. The same is cooled to 250 C in the cooler before expanding in the 
expansion cylinder to cold chamber pressure of 1 bar. The compression and expansion laws followed 
are PV1.35=C and PV1.3=C respectively. Determine C.O.P of the plant and net refrigeration effect per kg 
of air. Take Cp = 1.009 kJ/kg K and R = 0.287 kJ/kg K for air. 

13 What is the difference between a refrigerator and a heat pump? Derive an expression for the 
performance factor for both if they are running on reserved Carnot cycle. 

14 Discuss the advantages of the dense air refrigerating system over an open air refrigeration system.   
15 A dense air refrigerating system operating between pressures of 17.5 bar and 3.5 bar is to produce 10 

tonnes of refrigeration. Air leaves the refrigerating coils at -70C and it leaves the air cooler at 15.50C. 
Neglecting losses and clearance, calculate the net work done per minute and the coefficient of 
performance. For air Cp=1.005 kJ/kg K and ϒ=1.4. 

 



Assignment.2. 

Refrigeration and Air Conditioning 

Submit Date: 05/12/2022 

S.No Questions 
1 State the effects of suction pressure and discharge pressure on performance of vapour compression 

system? 
2 Draw the vapour compression refrigeration cycle on T-s diagram when the refrigerant is dry and 

saturated at the end of compression and find an expression for the C.O.P in terms of (i) 

Temperature and entropies; (ii)Enthalpy 

Question form Texbook of Refrigeration and air conditioning  R.S Khurmi) 
4 Exercise question No.  

1.3 

2. 4 

3.7 

4.8 

5.10 

6.13 

7.15 

5 Example No. (i)4.4 
(ii).4.6 
(iii).4.8 
(iv).4.10 
(v).4.17 
(vi).4.23 

 

 



Assignment-3 

Refrigeration and Air Conditioning 

Submit Date: 19/11/2023 

1 Draw a neat sketch of practical vapour absorption refrigeration cycle and explain the working with 

indicate there on the phase of various fluid and the name of equipment.  

2 Derive the equation for the estimation of max COP of vapour absorption refrigeration system and 

how does it affect with the generator temperature? 

3 In a 100TR aqua ammonia absorption plant, saturated liquid ammonia at 300C leaves the condenser 

and enters the expansion valev. The evaporator pressure is 1.9 bar and the vapour temperature at 

evaporator exit is -100C. The mass concentrations of ammonia in the weak and strong solutions are 

.25 and .325 respectively. Determine the mass flow rates (in kg/min) of the strong and weak 

solutions. 

4 Explain how a double-effect Li Br-water absorption system differs from that of single-effect system.  

5 The following data refer to lithium –bromide water absorption refrigeration system. Capacity=2TR; 

Concentration of Libr and enthalpy values for weak solution leaving generator=.68 and 21KJ/kg 

respectively; Concentration of Libr and enthalpy values for strong solution leaving absorber=.58 and -

55KJ/kg respectively. Temperature of water leaving condenser =400C; Enthalpy of stream leaving 

evaporator =2508KJ/kg; Specific heat of water=4.2 KJ/kg K. 

Determine the mass flow rates of strong and weak solutions in kg/min and heat transfer rates in the 

generator and absorber inKJ /min. 

6 What is the principle of a stream jet refrigeration system and advantage and disadvantage of stream 

jet refrigeration system? 

7 State the advantages and disadvantages of Electrolux refrigerator over conventional refrigerators. 

8 Explain the working of Thermostatic Expansion valve with neat sketch. Write its advantages and 

disadvantages.  

9 Explain with help of neat sketches, vapour absorption cycle for refrigeration. How is it different from 

vapour compression refrigeration system? 

10 Explain the merits and demerits of thermo electric refrigeration system and derive an expression of its 

COP. 

11 Mention the function of each fluid in a three fluid vapour absorption system. 

  12 Explain the working of Vortex tube refrigerator. 

  

13 How does the Hilsch tube refrigeration system function? Explain by drawing the suitable line 

diagram. 

 



Q.1.A vapour compression works on a single saturation cycle with R-12 as the refrigerant which 

operates between the condenser temperature of 400C and an evaporator temperature of -50C. For the 

modified cycle, the evaporator temperature is changed to -100C and other operating conditions are the 

same as the original cycle. Compare the power requirement for both cycles. Both system develops 15 

tones of refrigeration.. The temperature of refrigeration  

Q.2. In a vapour compression refrigerator, the working fluid is superheated at the end of compression 

and is under cooled in the condenser before throttling. Sketch a working cycle on temperature entropy 

diagram and show how theoretical coefficient of performance may be calculated from this diagram. 

Q.3.Classify the Evaporators used in refrigeration system and explain the working of flooded type 

Evaporator with a neat diagram. 

Q.4.List the commonly used refrigerants in practice and explain in detail desirable chemical properties 

of refrigerants. 

Q.5.Explain the working of Thermostatic Expansion valve with neat sketch. Write its advantages and 

disadvantages. 

Q.6.Explain the working of Vortex tube refrigerator. 

Q.7.An air conditioning plant is required to supply 60m3 of air per minute at a DBT of 210C and 

55%RH.The outside air is at DBT of 28oC and 60%RH. Determine the mass of water drained and 

capacity of the cooling coil. Dehumidify and then to cool the air. 

Q.8.With the help of a circuit diagram explain how a single air conditioning unit is used as an air-

conditioner in summer and heat pump in winter. 

Q.9.A vapour compression plant using R-12 operates between 350C condensing temperature and -50C 

evaporator temperature with saturated vapour leaving the evaporator. The plant consists of twin’s 

cylinder, single acting compressor with 100mm stroke running at 300rpm. The volumetric efficiency is 

85% and mechanical efficiency is 90%.Assuming isentropic compression, determine:1. C.O.P, 

2.Power, 3. Tonnage capacity of the plant. 

Q.10.State the effects of suction pressure and discharge pressure on performance of vapour 

compression system? 

Q.11.List the different types of compressors? And explain each type usage in refrigeration systems 

giving proper reasons. 

Q.12.With the help of a neat sketch, explain the working of an evaporative condenser 

Q.13.Explain how a double-effect Li Br-water absorption system differs from that of single-effect 

system. 



 

Q.14.Explain the Electrolux refrigeration system with a neat sketch. What is the purpose of hydrogen 

in it? 

Q.15.Following data refer to an air conditioning system to be designed for an industrial process for hot 

and wet climate. Outer condition=300CDBT and 75% RH required inside condition =200C DBT and 

60% RH. The required condition is to be achieved first by cooling and dehumidifying and then by 

heating. If 20m3 of air is absorbed by the every minute, find 1.capacity of the cooling coil in tones of 

the refrigeration, 2. Capacity of tar heating coil in kW; 3. Amount of water removed per hour; 4. By –

pass factor of the heating coil, if its surface temperature is 350C. 



Unit-1 

S.No  Questions  

1 What are the factors to be considered while the refrigeration system for an aero plane? Explain 

briefly. 

2 Draw the schematic of a boot-strap cycle of air refrigeration system, and show the cycle on T-s 

diagram. 

3 List the advantages and disadvantages of air refrigeration system. 

4 With a neat sketch explain the working of Bell-Coleman cycle and derive the expression for its 

COP. 

5 Give a brief description of an ideal cycle of air refrigeration. 

6 Explain the working principle of Regenerative air refrigeration system with the help of 

configuration diagram and temperature-entropy diagram. 

7 Describe with a diagram, the reduced ambient air cooling system. 

8 Explain Boot strap evaporative cooling air refrigeration system. Draw its schematic and 

represent the processes on T-S diagram. 

9 A cold storage plant is required to store 20 tonnes of fish. The fish is supplied at a temperature 

of 30°C. The specific heat of fish above freezing point is 2.93 kJ/kg K. The specific heat of fish 

below freezing point is 7.26 kJ/kg K. The fish is stored in cold storage which is maintained at -

80C. The freezing point of fish is -40°C. The latent heat offish is 235 kJ/kg. If the plant 

requires 75 kW to drive it, find: i) The capacity of the plant, and ii) Time taken to achieve 

cooling. Assume actual C.O.P. of the plant as 0.3 of the Carnot C.O.P. 

10 A Bell-Coleman refrigerator operates between pressure limits of 1 bar and 8 bar. Air is drawn 

from the cold chamber at 90C, Compressed and then it is cooled to 290C before entering the 

expansion cylinder. Expansion and compression follows the law PV1.35=constant. Calculate the 

theoretical COP of the system. For air take ϒ =1.4, Cp=1.003 kJ/kg.K 

11 An air refrigerator working on the principle of Bell-Coleman cycle. The air into the compressor 

is at 1 atm at -10ºC. It is compressed to 10 atm and cooled to 40ºC at the same pressure. It is 

then expanded to 1 atm and discharged to take cooling load. The air circulation is 1 kg/s. The 

isentropic efficiency of the compressor = 80% The isentropic efficiency of the expander = 90% 

Find the following: i) Refrigeration capacity of the system ii) C.O.P of the system Take γ = 1.4, 

Cp = 1.00 kJ/kg ºC (solution) 

12 In simple air refrigeration system the regenerative cooling reduces the temperature of air from 

the heat exchanger by 200C before it expands through the cooling turbine. The air leaves the 

cabin at 270C and the ram air temperature is 150C. Obtain the amount of air bleed from the 

refrigeration and COP. If 0.5 Kg/s of air from the main compressor is used for the air 

conditioning. Calculate the power requirement and tonnage of the system. Take Pamb= 0.8 bar, 

Pram= 1 bar, efficiency of compressor = 0.8, efficiency of turbine= 0.8, heat exchanger 

effectiveness is 0.75. The cool air leaves the regenerative heat exchanger at 270C. 

13 In a Bell- coleman cycle, air is drawn into the compressor at -50C and 1 bar and compressed 

isentropically to 5 bar and then cooled to 150C and then expanded in the expansion cylinder to 

1 bar pressure following the law pv1.2=C. Find the capacity of the refrigeration plant in TOR 

and COP of the system. 



UNIT-2 

S.No  Questions  

1. State the effects of suction pressure and discharge pressure on performance of vapour 

compression system? 

2. Draw the vapour compression refrigeration cycle on T-s diagram when the refrigerant is dry 

and saturated at the end of compression and find an expression for the C.O.P in terms of (i) 

Temperature and entropies; (ii)Enthalpy 

3 An ammonia ice plant operates between condenser temperature of 350C and an evaporator 

temperature of -150C. It produces 5 tonnes of ice per day from water at 250C to ice at -50C. 

The ammonia enters as dry saturated vapor and leaves the condenser as saturated liquid. 

Determine: (i) The capacity of the refrigerating plant (ii) Mass flow of the refrigerant (ii) 

Discharge temperature of ammonia from the compressor (iv) Power of the compressor motor 

if the isentropic efficiency of the compressor is 85% and mechanical efficiency of the 

compressor is 90% (v) Relative efficiency. The latent heat of formation of ice is 335 kj / kg 

and specific heat of ice is 2.1 kj / kg-k. 

4 In a vapour compression refrigerator, the working fluid is superheated at the end of 

compression and is under cooled in the condenser before throttling. Sketch a working cycle on 

temperature entropy diagram and show how theoretical coefficient of performance may be 

calculated from this diagram. 

5 A compressor 10 cm x 10 cm, single acting twin cylinder, is used in a refrigeration plant which 

is working between 380C and 40C. The speed of the compressor is 900 rpm. Compression is 

isentropic and the refrigerant vapour is just dry and saturated when comes out of evaporator 

and refrigerant is saturated liquid when comes out of the condenser. Determine (i) The 

capacity of the refrigerant plant; (ii) COP of the system; (iii) Power required to run the 

compressor, if the volumetric efficiency of the compressor is 85%. 

6 Derive an expression for finding out the mass of motive steam required per kg of water vapour 

produced. 

7 A vapor compression refrigeration system operating between pressure limits of 7.5 bar and 1.5 

bar. The vapor enters the compressor at a temperature of - 80C and the liquid leaving the 

condenser is at 120C. For a refrigerating effect of 2 kW, determine COP. Find the power rating 

of the compressor motor considering a mechanical efficiency of 85%. The enthalpies at 1.5 bar 

and 7.5 bar are 1692 kJ/kg and 1919 kJ/kg respectively. Liquid enthalpy is 474 kJ/kg at the 

end of condensation. 

8 A refrigeration plant of 100 tons capacity uses R-22 as refrigerant. The condensing and 

evaporation pressures are 11.82 bar and 1.64 bar. The refrigerant enters the condenser dry 

saturated and leaves the condenser sub cooled by 100C. Actual COP is 70% of theoretical 

COP. Cp of vapour = 0.55 KJ/Kg K, Cp of liquid = 1.19 KJ/Kg K. Find: i) Theoretical and 

actual COP, ii) mass flow rate in kg/sec, iii) compressor power. The other properties of 

refrigerant are as follows: 



 
9 The temperature limits of an ammonia refrigerating system operating on simple vapor 

compression cycle are 250C and – 100C respectively. If the gas is dry at the end of compression, 

calculate the C.O.P of the system, assuming no under cooling of the liquid ammonia. Use the 

following table for the properties of ammonia. 

 

 

UNIT-3 

1 What are the desirable properties of refrigerants? Explain 

2 How does the increase in condenser temperature affect COP? Also explain the influence of evaporator 

temperature on COP. Which of the two temperatures have more influence on COP? 

3 List the different types of compressors? And explain each type usage in refrigeration systems giving 

proper reasons. 

4 With the help of a neat sketch, explain the working of an evaporative condenser. 

5 Classify the Evaporators used in refrigeration system and explain the working of flooded type 

Evaporator with a neat diagram. 

6 List the commonly used refrigerants in practice and explain in detail desirable chemical properties of 

refrigerants. 

7 A four cylinder, single acting R-12 compressor 35 cm x 40 cm runs at 1000 r.p.m. The compressor 

clearance factor is 0.04 and the law of compression pV1.1=C. the operating pressures for the vapour 

compression refrigeration system are: 8.47 bar (350C) and 1.004bar (-300C). The refrigerant 

temperatures are: entering the compressor -200C, leaving the compressor 500C; entering the condenser 

450C, leaving the condenser 250C, entering the expansion valve 300C and leaving the evaporator dry 

saturated. Assuming that heat removed in the compressor is 26 kJ/sec. calculate: (i) The refrigerating 

capacity, (ii) The compressor power (iii) COP, (iv) Mass of condensing cooling water assuming the 

rise in temperature to be 100C. (v) Tabulate energy balance for 1 kg of refrigerant. 

8 List out differences between rotary compressors and reciprocating compressors 

9 Make a comparative study of flooded and non-flooded shell and tube type evaporators based on the 

capacity, condition of vapour leaving the evaporator, heat transfer effectiveness, construction and 

control. 

10 Explain the working of evaporative condenser with neat diagram and explain its advantages and 

disadvantages over others. Give three examples of its use with proper reasoning. 



 

UINT-4 

1 What is the basic function of a compression refrigeration system? How this function is achieved in 

vapour absorption refrigeration system? 

2 Drive an expression for the C.O.P of an ideal vapour absorption system in terms of temperature TG at 

which heat is supplied to the generator, the temperature TE at which heat is absorbed in the 

evaporator and the temperature TC at which heat is discharged from the condenser and absorber. 

3 Draw a neat diagram of lithium bromide water absorption system and explain its working. List the 

major field of application of this system. 

4 Explain with help of neat sketches, vapour absorption cycle for refrigeration. How is it different from 

vapour compression refrigeration system? 

5. Explain the working of Vortex tube refrigerator. 

6 Explain the merits and demerits of thermo electric refrigeration system and derive an expression of 

its COP. 

7 State the advantages and disadvantages of Electrolux refrigerator over conventional refrigerators. 

8 Explain the working of Thermostatic Expansion valve with neat sketch. Write its advantages and 

disadvantages. 

9 Explain the Electrolux refrigeration system with a neat sketch. What is the purpose of hydrogen in it? 

10 Draw the T-s and h-s diagrams representing steam jet refrigeration system. 

11. In an aqua- ammonia absorption refrigeration system of 10 TR capacities, the vapours leaving the 

generator are 100% pure NH3 saturated at 40oC. The evaporator, absorber, condenser and generator 

temperature are -20 oC,30 oC,40 oC, and 70 oC respectively. At absorber exit (strong solution),the 

concentration of ammonia in solution is x=.38 and enthalpy h=22kJ/kg.At generator exit(weak 

solution). X= .1 and h= 695kJ/kg. 

1.Determine mass flow rate of ammonia in the evaporator; 

2.Carry out overall mass conservation and mass conservation of ammonia in absorber to determine 

mass flow rate of weak and strong solutions: 

3.Determine the heat rejection in absorber and condenser; 

4. heat added in generator 

5.COP. 

 

UNIT-5 

1 Discuss the purpose of ventilation in air-conditioning system. 

  
11 What is refrigerant? Can water be used as a refrigerant? Explain the limitations. 

12 Why centrifugal compressors are preferable as compared to reciprocating compressors? What are 

their relative advantages? Explain. 

13 Suggest substitutes for CFC Refrigerants from the point of Ozone Depletion and Global Warming. 

14 Explain the working of automatic expansion valve. 

15. List out differences between rotary compressors and reciprocating compressors 

16. Write the properties of ideal refrigerant. 



2 Given for the air conditioning of a room Room conditions: 26.50C DBT and 50% RH Room sensible 

heat gain = 26.3 kW Room sensible heat factor = 0.82Find (i) The room latent heat gain (ii) The 

apparatus dew point (iii) The cubic meter per minute of air if it is supplied to the room at the apparatus 

dew point (iv) The cubic meter per minute of specific humidity of air if it is supplied to the room at 

170 ºC. 

3 What are the different types of fans used in air-conditioning systems? Discuss their applications and 

relative advantages and disadvantages. 

4 Air from an air-conditioned room is exhausted into atmosphere through a grill. The quantity of air 

passes through the grill is 20 cubic meter minute. The duct area leading to the grill is 0.12 m2 . The 

static pressure behind the grill is 3 mm of water. Find the effective area of grill exhausting the air into 

atmosphere. Take the pressure loss passing through the grill as 0.5 mm of water. 

5 Define the term `` effective temperature `` and explain its importance in air conditioning system. 

Describe the factors which affect effective temperature. 

6 Explain in brief as to how the human body reacts to changes in temperature of environment. Also 

explain the effect of activities on the heat load calculation for comfort application 

7 With the help of a circuit diagram explain how a single air conditioning unit is used as an air-

conditioner in summer and heat pump in winter. 

8 Explain about Grills and Registers along with their performance effects 

9 Sketch the psychrometric chart and represent the different psychrometric properties on the same. 

10 What is comfort air-conditioning? Draw a rough comfort char 

11 Explain any two types of humidifiers. 

12 Explain the principle of various dehumidification methods. 

13 For hot and dry weather conditions show the arrangement of summer air-conditioning system and 

represent the processes on psychometric chart. 

14 Explain the factors governing optimum effective temperature. 

15 What are the different Heat pump circuits? Explain any one of them with the help of neat sketch. 

16 Explain the various types of axial flow fans 

17 Define the ``human comfort`` and explain the factors which affect human comfort. 

18 An air conditioning plant handles 4000 m3 /min of dry air which contains 20% fresh air at 390C DBT 

and 200C WBT and 80% recirculated air at 240C DBT and 50% Relative Humidity. Air leaves the 

cooling coil at 12 0C and saturated condition. Find: (i) Total cooling load on the coil and (ii) Room 

Heat gain. 

19 Explain the procedure to draw a grand sensible heat factor line on a psychrometric chart. 

20 Give few industrial examples where heating and cooling is simultaneously required and explain why 

``heat-pump`` is more suitable for such applications? 
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Answer any five questions  

All questions carry equal marks 
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1.a) Draw p-V and T-s diagrams of actual air refrigeration system and discuss the salient 

points. 

b) In a Bell-Coleman cycle of a refrigerator system, air is taken in at 1 bar and a temperature 

of -80C. The compression ratio maintained in the compressor is 4 by following the law of 

compression and expansion as PV1.2 = Constant. If the maximum temperature of the cycle 

is 250C, then find mean effective pressure, work required, net refrigerating effect and 

COP.           [7+8] 

 

2.a) What are the advantages, limitations and different applications of air refrigeration system? 

Explain. 

b) A simple vapour compression cycle using F-12 is designed to take a load of 10 tons. The 

refrigerator and ambient temperatures are 00C and 300C respectively. A minimum 

temperature of -50C is required in evaporator and condenser for heat transfer. Find             

(i) mass flow rate through the system (ii) Power required in kW (iii) cylinder dimensions 

assuming L/D ratio as 1.2 for a single cylinder and single acting compressor running at 

300 rpm with a volumetric efficiency of 0.9.      [7+8] 

 

3.a) How does the sub cooling and super heating influence the performance of vapour 

compression refrigeration system? Explain. 

b) Explain the important components required for the operation of simple vapour 

compression refrigeration system.       [7+8] 

 

4.a) A single stage, single acting reciprocating compressor has a bore of 200 mm and a stroke 

of 300 mm. If receives vapour refrigerant at 1 bar and delivers it at 5.5 bar. If the 

compression and expansion follows the law PV1.3 = constant and the clearance volume is 

5% of the stroke volume, then determine (i) The power required to drive the compressor, 

if it runs at 500 rpm and (ii) The volumetric efficiency of the compressor. 

b) Explain the principle of operation of evaporative condenser used in the refrigeration 

system.          [7+8] 

 

5.a) Differentiate between Azeotropes and Zeotropes and discuss their importance with respect 

to Ozone depletion and global warming. 

b) Describe the constructional and operational features of Li-Br vapour absorption 

refrigeration system.         [7+8] 

 

6.a) How does the Hilsch tube refrigeration system function? Explain by drawing the suitable 

line diagram. 

b) Derive the equation for the estimation of max COP of vapour absorption refrigeration 

system and how does it affect with the generator temperature?   [7+8] 
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7.a) Air at 1 bar and 290C has a wet-bulb temperature of 230C. Determine (i) the partial 

pressure of water vapour (ii) the humidity ratio, (iii) the relative humidity (iv) the dew 

point, and (v) the enthalpy of air, and (vi) the degree of saturation per kg of dry air. Solve 

the problem analytically and check the results using Psychometric chart. 

b) What is the need of ventilation air in the air conditioning system? Discuss the method to 

supply the ventilation air.        [8+7] 

 

8.a) Why does the enthalpy of an air-vapour mixture remain constant during an adiabatic 

saturation process?  

b) The following data refer to an air conditioning system for industrial process for hot and 

wet summer conditions: outdoor conditions = 330C DBT and 78% RH, required          

conditions = 200C DBT and 73% RH, amount of out-door air supplied = 220 m3/min, coil 

dew point temperature = 120C. If the required condition is achieved by first cooling and 

dehumidifying and then by heating, find: (i) The capacity of the cooling coil and its by-

pass factor (ii) The capacity of the heating coil and surface temperature of the heating coil 

if the by-pass factor is 0.18.        [7+8] 

 

--ooOoo-- 
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD 

B. Tech IV Year I Semester Examinations, January/February - 2023 

REFRIGERATION AND AIR CONDITIONING       

(Mechanical Engineering) 

Time: 3 Hours                            Max. Marks: 75 

Note: i) Question paper consists of Part A, Part B. 

          ii) Part A is compulsory, which carries 25 marks. In Part A, Answer all questions.  

          iii) In Part B, Answer any one question from each unit. Each question carries 10 marks               

      and may have a, b as sub questions.   

 

Note: Use of Refrigeration and A/C Data book is permitted. 

 

PART – A  

    (25 Marks) 

 

1.a) Explain the differences of Bell Coleman and Brayton cycle operating conditions. [2] 

   b) Explain the refrigeration unit of measurement.     [3] 

   c) Explain the role of Throttle valve in VCR system.     [2] 

   d) What are the parameters affecting the COP of VAR system?   [3] 

   e) Explain the reasons for the Ozone depletion.      [2] 

   f) Enumerate the details and applications of Azeotropes.    [3] 

   g) Explain the basic principle of Vortex tube.      [2] 

   h) Describe the working principle of three fluid VARS.    [3] 

   i) Explain the significance of comfort zone in comfort chart.    [2] 

   j) What is the basic importance and applications of deodorants?   [3] 

                                                             

PART B 

(50 Marks) 

 

2. An air craft moving with speed of 1000 km/h uses simple gas refrigeration cycle for air 

conditioning. The ambient pressure and temperature are 0.35 bar and -100C respectively. 

The pressure ratio of compressor is 4.5. The heat exchanger effectiveness is 0.95. The 

isentropic efficiencies of compressor and expander are 0.8 each. The cabin pressure and 

temperature are 1.06 bar and 250C. Determine temperature and pressures at all points of the 

cycle. Also find the volume flow rate through compressor inlet and expander outlet for            

100 TR. Take CP=1.005 kJ/kg K; R=0.287 kJ/kg K and CP/CV=1.4 for air.  [10] 

OR 

3. Explain Boot strap evaporative cooling of air refrigeration system. Draw its schematic 

diagram and represent the processes on P-h and T-S diagrams. Write down the equations for 

calculating the power and COP of the system.     [10] 
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4. In an ammonia vapor compression refrigerator, the temperature is refrigerator is -100C and 

temperature of NH3 coming out of compressor is 300C. The vapor is condensed in the 

condenser at 300C. Find the theoretical C.O.P. of the cycle when the vapor at the end of 

compression is 0.9 dry. Latent heat of NH3 at 300C = 1442 kJ/kg. Specific heat of liquid 

NH3 = 4.7 kJ/kg.         [10] 

OR 

5. What are the differences between ideal and actual VCRS. Derive the expression for COP of 

actual VCRS.           [10] 

 

6.a) How do you nomenclature to a refrigerant? 

   b) Write a note on global warming due to refrigerants .    [5+5] 

OR 

7. A refrigerating plant works between -100C evaporator temperature and 400C condenser 

temperature when F-12 is used as refrigerant. A compressor used has 2 cylinders and the 

diameter and stroke of the cylinder are 56.5 mm and 50 mm respectively. If the clearance is 

4% of the stroke and compressor runs at 1450 R.P.M., find the following: 

a) Refrigerating capacity of the plant    b) Power required to run the compressor  

c) COP of the system. Take ϒ=1.13 for F-12.      [10] 

 

8. In an absorption type refrigerator, the heat is supplied to NH3 generator by condensing 

steam at 2 bar and 90% dry. The temperature to be maintained in the refrigerator is - 50C. 

The temperature of the atmosphere is 300C. Find the maximum C.O.P. possible of the 

refrigerator. If the refrigeration load is 20 tons and actual C.O.P. is 70% of maximum 

C.O.P., find the mass of steam required per hour.     [10] 

OR 

9.a) Explain the working details and the advantages of Thermo Electric Refrigerator . 

   b) Describe briefly the working principle of production of hot and cold air from a vortex tube. 

            [5+5] 

 

10. Atmospheric air at 350C and 60% R.H. is conditioned to 220C DBT and 55% R.H. This is 

done first by cooling and dehumidifying and then heating. If the quantity of air flow is                      

60 cu. m. per minute find the following. a) Mass of water drained. b) Capacity of cooling 

coil. c) Capacity of heating coil. Take pt= 1.033 bar.     [10] 

OR 

11.a) With the neat diagram, explain the working of adiabatic  humidifier. 

     b) Write a short notes on Fans and blowers.      [5+5] 

--ooOoo-- 

JNTUH Used papers 2023



                      |''|'''||''||'''||||

 

 

 

III B. Tech II Semester Supplementary Examinations, April/May - 2019 

REFRIGERATION AND AIR CONDITIONING  

 (Mechanical Engineering) 

Time: 3 hours        Max. Marks: 70 

Note:  1. Question Paper consists of two parts (Part-A and Part-B) 

2. Answering the question in Part-A is compulsory 

3. Answer any THREE Questions from Part-B 

***** 

PART - A 

1 a) What are the applications of Refrigeration? [3M] 

 b) Represent ideal vapour compression refrigeration system on T-S and P-h diagrams. [4M] 

 c) ‘A completely odourless refrigerant is not desirable’, discuss the statement. [3M] 

 d) Identify various psychometric process applied to Air conditioning systems. [4M] 

 e) Explain in brief, an adiabatic saturation process.  [4M] 

 f) What is the function of a fan in an air conditioning system? [4M] 

 

PART – B 

2 a) In simple air refrigeration system the regenerative cooling reduces the temperature of 

air from the heat exchanger by 20
0
C before it expands through the cooling turbine. 

The air leaves the cabin at 27
0
C and the ram air temperature is 15

0
C. Obtain the 

amount of air bleed from the refrigeration and COP. If 0.5 Kg/s of air from the main 

compressor is used for the air conditioning. Calculate the power requirement and 

tonnage of the system. Take Pamb= 0.8 bar, Pram= 1 bar, efficiency of            

compressor = 0.8, efficiency of turbine= 0.8, heat exchanger effectiveness is 0.75. 

The cool air leaves the regenerative heat exchanger at 27
0
C. 

[8M] 

 b) Explain the working principle of Regenerative air refrigeration system with the help 

of configuration diagram and temperature-entropy diagram. 

[8M] 

 

 

3 a) The temperature limits of an ammonia refrigerating system operating on simple vapor 

compression cycle are 25
0
C and – 10

0
C respectively. If the gas is dry at the end of 

compression, calculate the C.O.P of the system, assuming no under cooling of the 

liquid ammonia. Use the following table for the properties of ammonia. 

Temperature 

(
0
C) 

Liquid heat 

(kJ/kg) 

Latent heat 

(kJ/kg) 

Liquid entropy 

(kJ/kg-K) 

25 298.9 1166.94 1.1242 

–10 135.37 1297.58 0.5443 
 

[8M] 

 b) State merits and demerits of ‘Vapor compression system’ over‘ Air-refrigeration 

system’ 
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R13 SET - 1 Code No: RT32037A 

www.manaresults.co.in



                      |''|'''||''||'''||||

 

 

 

 

 

 

 

4 a) A four cylinder, single acting R-12 compressor 35 cm x 40 cm runs at 1000 r.p.m. 

The compressor clearance factor is 0.04 and the law of compression pV
1.1

=C. the 

operating pressures for the vapour compression refrigeration system are: 8.47 bar 

(35
0
C) and 1.004bar (-30

0
C). The refrigerant temperatures are: entering the 

compressor -20
0
C, leaving the compressor 50

0
C; entering the condenser 45

0
C, 

leaving the condenser 25
0
C, entering the expansion valve 30

0
C and leaving the 

evaporator dry saturated. Assuming that heat removed in the compressor is 26 kJ/sec. 

calculate: 

(i) The refrigerating capacity,  

(ii) The compressor power  

(iii) COP,  

(iv) Mass of condensing cooling water assuming the rise in temperature to be 

10
0
C.  

(v) Tabulate energy balance for 1 kg of refrigerant. 

[8M] 

 b) Explain the operation of a capillary tube in a refrigeration system with a neat sketch. 

 

[8M] 

5 a) List out differences between rotary compressors and reciprocating compressors. [8M] 

 b) Explain the merits and demerits of thermo electric refrigeration system and derive an 

expression of its COP. 

 

[8M] 

6 a) For hot and dry weather conditions show the arrangement of summer air-conditioning 

system and represent the processes on psychometric chart. 

[8M] 

 b) Explain the factors governing optimum effective temperature. 

 

[8M] 

7 a) What are the different Heat pump circuits? Explain any one of them with the help of 

neat sketch. 

[8M] 

 b) Explain the various types of axial flow fans. [8M] 

 

 

 

***** 
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III B. Tech II Semester Supplementary Examinations, November - 2019 

REFRIGERATION AND AIR CONDITIONING  
(Mechanical Engineering) 

Time: 3 hours                                                             Maximum Marks: 70 
 

Note: 1. Question Paper consists of two parts (Part-A and Part-B) 

2. Answering the question in Part-A is compulsory 

3. Answer any THREE Questions from Part-B 

***** 

PART –A                                                    (22 Marks) 

1 a) Explain the term ``Tonne of refrigeration``. [3M] 

 b) Explain the effects of super heating on COP of vapor compressor refrigeration 

system. 

[4M] 

 c) Classify refrigerants. [3M] 

 d) Explain the Seebeck and Peltier effects. [4M] 

 e) Explain in brief, an adiabatic saturation process. Represent the same on a 

Psychrometric chart. 

[4M] 

 f) Differentiate between air cooler and air conditioner. [4M] 

 

PART –B                                                  (48 Marks) 

2 a) List the advantages and disadvantages of air refrigeration system. [6M] 

 b) Explain Boot strap evaporative cooling air refrigeration system. Draw its schematic 

and represent the processes on T-S diagram.  

[10M] 

3 a) How does an actual vapour compression cycle differ from that of a theoretical 

cycle? 

[6M] 

 b)  A refrigeration plant of 100 tons capacity uses R-22 as refrigerant. The condensing 

and evaporation pressures are 11.82 bar and 1.64 bar. The refrigerant enters the 

condenser dry saturated and leaves the condenser sub cooled by 10
0
C. Actual COP 

is 70% of theoretical COP. Cp of vapour = 0.55 KJ/Kg K, Cp of liquid = 1.19 

KJ/Kg K. Find: i) Theoretical and actual COP, ii) mass flow rate in kg/sec,            

iii) compressor power. The other properties of refrigerant are as follows: 
 

Pr 

(bar) 
Temp 

(
0
C) 

Specific Enthalpy (kJ/kg) Specific Entropy (kJ/kg-k) 

Liquid (hf) 
Sat. vapour 

(hg) 
Liquid (sf) 

Sat. vapour 

(sg) 

1.64 -30 116.1 393.1 0.8698 1.803 

11.82 30 236.7 414.5 1.125 1.712 

       

[10M] 

4 a) Suggest substitutes for CFC Refrigerants from the point of Ozone Depletion and 

Global Warming. 

[8M] 

 b) Explain the working of automatic expansion valve. [8M] 

5 a) Explain with a neat sketch, the working of a vortex tube? [8M] 

 b) Explain with neat sketch working of Electrolux Refrigerator also explain 

significance of Hydrogen used in system. 
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6 a) Explain the difference between comfort air-conditioning and industrial air-

conditioning. 

[6M] 

 b) Explain in detail the factors that govern optimum effective temperature. [5M] 

 c) Explain the following: i) Bypass factor, ii) Effective sensible heat factor. 

Discuss their importance in designing air conditioning system. 

[5M] 

7 a) With a neat sketch explain the working of winter air conditioning system. [8M] 

 b) With neat sketch explain construction and working of any one type of humidifier. [8M] 

***** 
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