
 

 

MECHANICAL ENGINEERING  

PAPER-I 

Time Allowed: Three Hours Maximum Marks: 300 

 

    Question Paper Specific Instructions   

 

 Please reach each of the following instruction carefully before attempting 

questions: 

 There are EIGHT questions divided in TWO sections. 

 Candidate has to attempt FIVE questions in all 

 Questions No.1 and 5 are compulsory and out of the remaining, any THREE are to be 

attempted choosing at least ONE question from each section. 

 The number of marks carried by a question/part is indicated against it. 

 Wherever any assumptions are made for answering a question, they must be clearly 

indicated. 

 Diagrams/figures, wherever required, shall be drawn in the space provided for 

answering the question itself. 

 Unless otherwise mentioned, symbols and rotations carry their usual standard 

meanings. 

 Psychometric Chart is given in Page No.8. 

 Attempts of questions shall be counted in sequential order. Unless struck off, attempt of 

a question shall be counted even if attempted partly. 

 Any page or portion of the page left blank in the QCA Booklet must be clearly struck off. 

 Answers must be written in ENLISH only. 
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SECTION-A 

 

1. (a) (i) Differentiate between rotational and irrotationalflows. Can there be any possibility of having 

zones possessing characteristics of both rotationaland irrotational flows?  

  (ii) If the expression for the stream function is described by 3 2x 3xy    determine whether the 

flow is rotational or irrotational. Further, find out the correct expression of the velocity 

potential function of the following two, considering the flow is irrotational: 

   1. 
3 2y 3x y   

   2. 
37x y     

[6 +6 Marks] 

 

 (b) A refrigerated truck whose dimensions are12m 2.5m 3m   is to be precooled from 30°C to an 

average temperature of 5°C. The construction of the truck is such that a transmission heat gain 

occurs at the rate of 90 W/°C.If the ambient temperature is 30 °C, determine how long it will take 

for asystem with a refrigeration capacity of 10 kW to precool this truck. The density of air may be 

taken as 1.2 kg/m
3
 and its specific heat at average temperatureof 17.5°C is pC 1.0kJ kg. C.  State 

the assumptions, if any.  

[12 Marks] 

 

 

 (c) An engine oil flows through a copper tube of 1 cm internal diameter and 0.02 cm wall thickness at 

the flow rate of 0.1 kg/ s. Consider that thetemperature of the oil at the entry is 30°C. If the oil is 

heated to 50°C bysteam condensing at atmospheric pressure, calculate the length of the coppertube. 

The properties of the oil are as follows: 

  
3

p

2

C 1964 J kg K, 876 kg m , k 0.144 W m-K,

0.210 N.s m , Pr 2870

    

  

  

[12 Marks] 
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 (d) Explain the mechanism of NOx formation and also the methods for its reduction in stationary gas 

turbine engines.  

[12 Marks] 

 

 (e) (i) Why are higher heat transfer rates experienced in drop wise condensation than in film 

condensation?  

  (ii) Distinguish between nucleate boiling and film boiling. 

[12 Marks] 

 

2. (a) (i) Find the distance from the pipe wall at which the local velocity is equal tothe average velocity 

for turbulent flow in pipe. 

  (ii)  Distinguish between hydrodynamically smooth and rough boundaries.  

[6 + 6 Marks] 

 

 (b) (i) In a closed system, 3 kg of air at initial conditions of 400 kPa and 90°Cadiabatically expands 

until its volume is 2.5 times the initial volume and temperature becomes equal to that of 

surroundings. If the conditions of the surroundings are 100kPa and 25°C, determine the 

following for thisprocess: 

   1. The maximum work  

   2. The change in availability  

   3. The irreversibility  

  (ii) Prove that for an ideal gas, the slope of an isochoric line on theT-s diagram is more than that of 

the isobaric line.  

[15 + 5 Marks] 
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 (c) A square plate heater (15 cm x 15 cm) is inserted between two slabs. Slab A is2 cm thick (k = 50 W 

/m-°C) and slab B is 1 cm thick (k = 0.2 W/m-°C). The outside heat transfer coefficients on side of 

A and side of Bare 200 2W m -°Cand 50 2W m -°C respectively. The temperature of surrounding 

air is 25°C. If the rating of heater is 1 kW, find the 

  (i) maximum temperature of the system; 

  (ii) outer surface temperature of two slabs. 

  Assume steady-state heat flow.  

[20 Marks] 

 

3. (a) A centrifugal pump discharges 2000 litres/s of water developing a head of20m when running at 

300r.p.m. The impeller diameter at the outlet and outlet flow velocity are 1.5m and 3.0m/s 

respectively. If the blades are set back at an angle of 30° at the outlet, determine the- 

  (i) manometric efficiency; 

  (ii) power required by the pump; 

  (iii) minimum speed to start the pump if the inner diameter is 750 mm.  

[20 Marks] 

 

 (b) Air flows at 12 m/s past a smooth rectangular flat plate 0.4 m wide and 3 mlong. Assuming that the 

transition occurs at 5Re 5.5 10 ,  calculate the totaldrag force when 

  (i) the flow is parallel to the length of the plate; 

  (ii) the flow is parallel to the width of the plate.  

  Assume, 

  Density of air, 31.24 kg m   

  Kinematic viscosity, 0.15   stokes 

[20 Marks] 
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 (c) Two tanks, tank A and tank B, are separated by a partition as shown in the figure. Tank A contains 

3 kg of steam at 1 MPa and 300°C. Tank B contains4 kg of saturated liquid-vapour mixture at 

150°C with a dryness fraction of0.5. The partition is removed and two fluids are allowed to mix 

until thethermal equilibrium and mechanical equilibrium are acquired. If the pressure of the final 

state is 300 kPa; determine- 

  (i) the temperature of the final state; 

  (ii) the quality of the steam at final state; 

  (iii) the amount of heat lost from the tanks. 

 

 

 

 

 

  [Required steam tables are attached below] 

[20 Marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tank A

3 kg

1MPa

300 C

Tank B

4 kg

150 C

Dryness
0.5

fraction







Partition
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4. (a) A truncated cone has top and bottom diameters of 10 cm and 20 cm respectively, and a height of 10 

cm. Calculate the shape factor between the top surface and the side, and also the shape factor 

between the side and itself. Use the figure showing the radiation shape factor for radiation between 

two parallel coaxial disks: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[20 Marks] 
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 (b) A Francis turbine supplied through an 8.0 m diameter penstock has the following particulars: 

  Output power=65000 kW  

  Speed = 150 r.p.m.  

  Hydraulic efficiency = 90%  

  Flow rate= 120 3m s  

  Mean diameter of turbine at entry = 5 m 

  Mean blade height at entry = 1.5 m  

  Entry diameter of draft tube = 4.5 m  

  Velocity in tailrace = 2.5 m/s 

 The static pressure head in the penstock measured just before entry to the runner is 60 m. The point of 

measurement is 3.2 m above the level of the tailrace. The loss in the draft tube is equivalent to 30% of 

the velocity head at entry to it. The exit plane of the runner is 2 m above the tailrace and the flow leaves 

the runner without swirl. Calculate: 

 (i) The overall efficiency 

 (ii) The direction of flow relative to the runner at inlet 

 (iii) The pressure head at entry to draft tube  

[20 Marks] 

 

 (c) Two containers are connected with a pipe having a closed valve. One container contains a 5 kg 

mixture of 62.5% 2CO and 237.5% O on a mole basis at 30°Cand125 kPa. The second container 

contains 10 kg of 2N at15°C and 200 kPa. 

  The valve in the pipe is opened and gases are allowed to mix. During themixing process, 100 kJ of 

heat energy is supplied to the combined tank. Determine the volume of the mixture and write an 

energy balance equation. 

  [Required property tables are attached] 

[20 Marks] 
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SECTION-B 

 

5. (a) A six-cylinder SI engine operates on a four-stroke cycle. The bore of each cylinder is 75 mm and 

the stroke is 100 mm. The clearance volume percylinder is 60 cc. At a speed of 4000 r.p.m., the fuel 

consumption is 18 kg/h and the torque developed is 140 N-m. Calculate the 

  (i) brake thermal efficiency; 

  (ii) relative efficiency on the basis of brake power. 

  The calorific value of the fuel can be taken as 45000 kJ /kg.  

[12 Marks] 

 

 (b) Draw the T-s and h-s diagrams for steam jet refrigeration system and write the expressions for the 

following 

  (i) Nozzle efficiency 

  (ii) Entrainment efficiency 

  (iii) Compression efficiency  

[12 Marks] 

 

 (c) Briefly describe a natural draught cooling tower. Explain why it is hyperbolic inshape.  

[12 Marks] 

 

 (d) Distinguish among the following 

  (i) Renewable energy 

  (ii) Green energy 

  (iii) Clean energy 

  Also, mention the relative environmental effects of the above.  

[12 Marks] 
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 (e) Describe the emission norms for Indian vehicles if they have to comply withBharat Stage (BS) 

Emission Standards-VI. Mention the devices and technologyintroduced to meet the BS-VI norms.  

[12 Marks] 

 

6.  (a) A gasoline engine has a stroke volume of 0.002 3m and a compression ratio of 6. At the end of the 

compression stroke, the pressure is 10 bar and the temperature is 400°C. Ignition is set so that the 

pressure rises along a straight line during combustion and attains its highest value of 30 bar after the 

piston has travelled (1/ 40) of the stroke. The charge consists of a gasoline-air mixture in proportion 

of 1: 18 by mass. Calculate the heat lost per kg of charge during combustion. Take R = 287 J /kg-K, 

calorific value of the fuel p45 MJ kg, C 1kJ kg. 
 

[20 Marks] 

 

 (b) A room is designed for air conditioning as per the following data 

  Room sensible heat gain = 30 kW  

  Room latent heat gain = 10 kW 

  Inside design conditions are : 25 °C DBT and 50% RH 

  Outside conditions are : 40 °C DBT and 27 °C WBT  

  Bypass factor of the cooling coil = 0. 10 

 The return air from the space is mixed with the outside air before entering the cooling coil in the ratio of 

4: 1 by weight. Determine the following: 

 (i) Apparatus dew point 

 (ii) Condition of air leaving the cooling coil 

 (iii) Quantity of dehumidified air 

 (iv) Mass of ventilation air 

 (v) Volume flow rate of fresh air 

 (vi) Total refrigeration load 

 [Psychrometric chart is attached] 

[20 Marks] 
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 (c) The angles at inlet and discharge of the blading of a 50% reaction turbine are35° and 20° 

respectively. The speed of rotation is 1500 r.p.m. and at a particular stage, the mean ring diameter is 

0.67 m and the steam condition is at 1.5 bar, 0.96 dry. Determine- 

  (i) the required height of blading to pass 3.6 kg/s of steam; 

  (ii) the power developed by the ring. 

  [Saturated steam table is attached at the end]  

 

7. (a) The following data refer to a boiler unit consisting of an economizer, a boiler and a superheater: 

  Mass of water evaporated per hour = 5940 kg 

  Mass of coal burnt per hour = 675 kg  

  Lower calorific value of coal = 31600 kJ/kg  

  Pressure of steam at boiler stop valve = 14 bar 

  Temperature of feedwater entering economizer = 32°C  

  Temperature of feedwater leaving economizer = 115°C 

  Dryness fraction of steam leaving boiler and entering superheater= 0.96 

  Temperature of steam leaving superheater = 260 °C  

  Specific heat of superheater steam = 2.3 kJ/kgK 

  Determine the following: 

  (i) Percentage of heat in coal utilized in economizer, boiler and superheater 

  (ii) Overall efficiency of the boiler unit 

  Assume specific heat of water = 4.187 kJ/kg-K 

  [Saturated steam table is attached at the end]  

[20 Marks] 
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 (b)  (i) Explain the various factors affecting anaerobic digestion process. Why do anaerobic microbes 

normally grow at a much lower rate than aerobicbacteria?  

  (ii) A family biogas plant is required to be designed to utilize the cow dung of five cows. The 

hydraulic retention time is 30 days. The temperature of the digester is to be maintained at 

30°C. The dry matter consumption per day is 2 kg. The biogas yield is 0.25 3m kg. The 

efficiency of the burner is60%. The heat of combustion of methane is 26 3MJ m . The 

methaneproportion is 70%. The density of feedstock material may be taken as50 3kg m .  

Find (1) the volume of biogas digester and (2) its thermal power. 

[10 + 10 Marks] 

 

 (c) (i) A refrigeration system with R-22 as refrigerant operates with an evaporating temperature of  

–10°C and a condensing temperature of 35°C. If the vapour leaves the evaporator saturated and 

is compressed isentropically,what is the COP of the cycle--(1) if saturated liquid enters the 

expansion device and (2) if the refrigerant entering the expansion device is with 10% vapour? 

   [R-22 refrigerant chart is attached] 

[10 Marks] 
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  (ii) What is a liquid-to-suction heat exchanger in refrigeration and air conditioning? Illustrate the 

benefits of liquid-to-suction heat exchanger.  

[10 Marks] 
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8. (a) (i) Describe the working principle of hydrogen fuel cell. Also, comment on the reversible energy 

conversion efficiency of fuel cells.  

  (ii) A flat plate solar collector measuring 2m × 1.2mhas a loss resistance of 20.13 m K W  and a 

plate transfer efficiency of 0.85. The glass cover has transmittance of 0.9 and the absorptance 

of the plate is also 0.9. Water enters at a temperature of 35°C. The ambient temperature is 20°C 

and the irradiance in the plane of the collector is 2750 W m .Calculate the flow rate needed to 

produce a temperature rise of 10°C. The density of water and its specific heat at mean film 

temperature may be taken as1000 3kg m and4.2 J/g-°C respectively.  

[10 Marks] 

 

 (b) A two-pass surface condenser is required to handle the exhaust from a turbine developing 15 MW 

with specific steam consumption of 5 kg/kWh. The condenser vacuum is 660 mm of mercury when 

the barometer reads 760 mm of mercury. The mean velocity of water is 3 m/s and the water inlet 

temperature is 24°C. The condensate is saturated water and the outlet temperature of cooling water 

is 4°C less than the condensate temperature. The quality of exhaust steam is 0.9 dry. The overall 

heat transfer coefficient based on outer area of tubes is 4000 2W m - C. The water tubes are 38.4 

mm in outer diameter and 29.6 mm in inner diameter. Calculate the following: 

  (i) Mass of cooling water circulated in kg/min 

  (ii) Condenser surface area 

  (iii) Number of tubes required per pass 

  (iv) Tube length 

  Assume atmospheric pressure to be 760 mm of mercury or 1.01325 bar and specific heat of water  

= 4.187 kJ/kg-K.  

  [Saturated steam table is attached at the end]  

[20 Marks] 
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 (c) The total pressure maintained in an Electrolux refrigerator is 15 bar. Thetemperature obtained in the 

evaporator is –15°C. The quantities of heatsupplied to the generator are  

  (i) 420 kJ to dissociate one kg of vapourand  

  (ii) 1460 kJ/kg for increasing the total enthalpy of 3NH . The enthalpy of 3NH  entering the 

evaporator is 330 kJ/kg. Take the following properties of 3NH at –15°C:  

   Pressure = 2.45 bar 

   Enthalpy of vapour = 1666 kJ/kg 

   Specific volume = 0.5 3m kg  

   The hydrogen enters the evaporator at 25°C  

   Gas constant for 2H 4.218 kJ kg. C   

    p 2C for H 12.77 kJ kg C   

   Find the COP of the system assuming 3NH leaves the evaporator in saturated condition. 

[20 Marks] 
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