
 

 

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) A main divides into two parallel pipes which again form as one pipe. The length and diameter of 

the first parallel pipe are 1000 m and 0.8 m respectively, while the length and diameter of the 

second parallel pipe are 1000 m and 0.6 m respectively. Find the rate of flow in each parallel pipe, 

if total flow in the main is 2.5 
3m sec.  The coefficient of friction for each parallel pipe is same and 

equal to 0.005.    

[12 Marks] 

 

 (b) A reversible engine works between three thermal reservoirs, A, B and C. The engine absorbs and 

equal amount of heat from the thermal reservoirs A and B kept at temperature A BT and T  

respectively, and rejects heat to the thermal reservoir C kept at temperature CT .  The efficiency of 

the engine is   times the efficiency of the reversible engine, which works between the two 

reservoirs A and C. 

  Prove that:    A A

B C

T T
2 1 2 1

T T
          

[12 Marks] 

 

 (c) With the help of a neat sketch, explain the working of a thermostatic expansion valve. How does it 

cope up with the variable load?    

[12 Marks] 

 

 (d) The fuel rod of a nuclear reactor is lagged with a tight fitting cladding material to prevent oxidation 

of the surface of the fuel rod by direction contact with the coolant. The heat generation occurs only 

in the fuel rod according to the following relation: 
2

g 0 2

r
q q 1 .

R

 
  

 
 Under steady state condition, 

heat generated and then dissipated to the coolant flowing around the cladding by convection. 

  Assuming that there is not contact resistance between the fuel rod and cladding, derive an 

expression for the heat flux through the fuel rod and cladding material.  

[12 Marks] 
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 (e) Compare compression ignition engine with spark ignition engine  so far as the following points are 

concerned :  

  (i) Working cycle  

  (ii) Method of ignition  

  (iii) Method of fuel supply   

[12 Marks] 

 

2. (a) A jet of water is  discharging at  25  kg/sec  from  a  nozzle  of  25  mm  diameter.  The  jet from  

the  nozzle  is  directed towards  a  window  of a building at  a  height of 30  m  from  the ground.  

Assuming the  nozzle discharge  to  be  at a  height of  2  m  from  the ground,   determine  the 

greatest distance  from  the building where the foreman  can  stand,  so that the jet can reach the 

window.    

[20 Marks] 

 

 (b) Two rigid  tanks shown  in Figure 2 (b)  each  contain  10 kg of N2 gas  at 1000 K, 500 kPa.  They 

are now thermally connected to a reversible heat pump,  which  heats one and  cools the  other with 

no heat transfer to the surroundings.  When  one  tank in  heated to  1500  K, the process  stops. 

  Find  the final  (P, T) in both tanks and  the work input to the heat pump, assuming constant heat 

capacities.     

 

 

 

 

 

 

[20 Marks] 

 

 (c) Water  is  flowing  steadily  over  a  smooth  flat plate  with a  velocity  of 2 m/sec. The length of 

the plate is 30 cm. Calculate 

  (i) The  thickness of the boundary layer 10 cm from the  leading edge of the plate; 

  (ii) The  rate of  growth  of the  boundary  layer  at 10  cm  from  the leading edge; and 

  (iii) The drag coefficient on one side of the plate. Assume  parabolic velocity profile. 

  Kinematic viscosity of water 
6 21.02 10 m sec     

  Derive the expression used in the calculation.   

[20 Marks] 

AQ BQ
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W
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2N
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3. (a) A four-stroke cycle gasoline engine has six single-acting cylinders of 8 cm bore and 10 cm stroke. 

The engine is coupled to a brake having a torque radius of 40 cm. At 3200 rpm, with all cylinders 

operating, the net brake load is 350 N. When each cylinder in turn is rendered inoperative, the 

average net brae load produced at the same speed by the remaining 5 cylinders is 250 N. Estimate 

the indicated mean effective pressure of the engine. With all cylinders operating, the fuel 

consumption is 0.33 kg/min; calorific value of fuel is 43 MJ/Kg; the cooling water flow rate and 

temperature rise is 70 kg/min and 10°C respectively. On test, the engine is enclosed in a thermally 

and acoustically insulated box through which the output drive, water, fuel, air and exhaust 

connections pass. Ventilating air blow up through the box at the rate of 15 kg/min enters at 17°C 

and leaves at 62°C. Draw up a heat balance of the engine stating the items as a percentage of the 

heat input.    

[20 Marks] 

 

 (b) A simple saturation refrigeration cycle uses R134a as refrigerant. The refrigeration system operates 

at 40°C condenser temperature and –16°C evaporation temperature respectively.  

  If a liquid vapour heat exchanger is installed in the above simple saturation refrigeration cycle, find 

the COP and power per ton of refrigeration. The outlet vapour of heat exchanger is 15°C 

temperature.  

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

Condenser

Compressor

 
Expansion

Valve EV

Heat Exchanger

Evaporator
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[20 Marks] 

 

 (c) Moist air at 28°C DBT and 20.6 WBT and 101.325 kPa barometric pressure flow over a cooling 

coil and leaves it at a state of 10°C DBT and with specific humidity 7.046 gm/kg of dry air. 

  (i) If the air is required to offset a sensible heat gain of 2.35 kW and a latent heat gain of 0.31 kW 

in a space to be air-conditioned, calculate the mass of dry air which must be supplied to the 

room in order to maintain a DBT of 21°C in the room. 

  (ii) What will be the relative humidity in the room? 

  (iii) If a sensible heat gain diminishes by 1.175 kW but latent heat gain remains unchanged, at what 

temperature and moisture content must the air be supplied to the room? 

   Take specific capacity of air a 1.012 kJ/kg K, latent enthalpy of water at 21°C is 2454 kJ/kg. 

Show the processes on the psychometric chart.  

[20 Marks] 
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4. (a) A geothermal source provides 10 kg/s of hot water at 500 kPa, 150°C flowing into a flash 

evaporator that separates vapour and liquid at 200 kPa. Find the three fluxes of availability (inlet 

and two outlets) and the irreversibility rate. Take ambient temperature as 25°C 

 

 

 

 

 

 

 

 

  (Refer Table A placed at the end of booklet) 

[20 Marks] 

 

 (b) Air at mean velocity of 20 m/sec flows through a 2 cm diameter tube whose surface is maintained 

at 200°C. The temperature of air as it enters the tube at inlet is 20°C and leaves the tube at 180°C. 

Determine  

 (i) The length of the tube required to heat the water from 20°C to 180°C, and 

 (ii) The pumping power required to maintain the flow. 

  Assume  
1 4

Df 0.3164 Re   

  Properties of air at the mean film temperature fT :   

  

3

p

5

r

density 0.8345 kg m ; specific heat c 1015 J kg K; dynamic viscosity,

2.3825 10 kg m.s; P 0.703;

    

   
  

  Thermal conductivity, k = 0.034425 W/mK.   

[20 Marks] 

 

 

 

 

 

 

 

 

Vapour

Liquid

2

3

1
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 (c) A single-cylinder, single-acting reciprocating compressor using R12 as refrigerant has a bore 80 

mm and stroke 60 mm. The compressor runs at 1450 rpm. If the condensing temperature is 40°C, 

find the  performance characteristics of the compressor when the suction temperature is –10°C. 

Specific heat of vapour at 40°C is 0.759 kJ/kgK. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Assume the simple cycle of operation and no clearance.   

[20 Marks] 
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SECTION B 

 

5. (a) A single-cylinder, single-acting, square reciprocating pump has piston diameter and stroke length of 

300 mm. The pump is placed such that the vertical distance between the center-line of the pump 

and sump level is 5 m. The water is being delivered at a height of 22 m above the centerline of the 

pump. The suction and delivery pipes are 8m and 28 m long respectively, and diameter of both the 

pipes is 150 mm. If the pump is running at 30 rpm and coefficient of friction for suction and 

delivery pipe is 0.005, estimate the theoretical power required to drive the pump (kW). 

[12 Marks] 

 

 (b) Show that the diagram work per unit mass of steam for maximum blading efficiency of a 50% 

reaction state is 2

bV ,  where bV  is the mean blade velocity.  

[12 Marks] 

 

 (c) Derive an expression for efficiency of a combined cycle where two thermodynamic cycles are 

coupled in series. The expression should be derived in terms of efficiencies of the coupled cycles. 

Conventional notations may be used.  

[12 Marks] 

 

 (d) Explain with neat sketch how solar absorption refrigeration system works for space cooling. 

[12 Marks] 

 

 (e) How do fuel cells work? Explain the principal with the help of a sketch.   

[12 Marks] 

 

6. (a) A centrifugal pump has an impeller diameter at outlet as 1m and delivers 1.5 3m s  of water against 

a head of 100 m. The impeller is running at 1000 rpm. The width of the impeller is 85 mm. If the 

manometric efficiency is 85%, determine the type of impeller (forward, radial of backward curved), 

and the blade angle at outlet. Draw velocity triangle at outlet.    

[20 Marks] 
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 (b) Consider the combined gas stem power cycle shown in the figure. The topping cycle is a gas 

turbine cycle that has a pressure ratio of 8. Air enters the compressor at 300 K and the turbine at 

1300 K. The isentropic efficiency of the compressor is 80 percent, and that of the gas turbine is 85 

percent. The bottoming cycle is a simple ideal Rankine cycle operating between the pressure limits 

of 7 MPa and 5 kPa. Steam is heated in a heat exchanger by the exhaust gases to a temperature of 

500°C. The exhaust gases leave the heat exchanger at 450 K. Determine  

  (i) The ratio of the mass flow rates of the steam and the combustion gases, and  

  (ii) The thermal efficiency of the combined cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Assume specific heat of gas as 1.005 kJ/kg K.    

[20 Marks] 
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 (c) What is Betz limit for wind turbines? Derive an expression for Betz limit for wind turbines. 

 

[12 Marks] 
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7. (a) A pelton turbine with a wheel diameter of 1.5m, operating with four nozzle, produces 16 MW of 

power. The turbine is running at 400 rpm and operating under a gross head of 300 m. Water is 

supplied through penstock of length 2 km. The coefficient of friction in penstock is 0.004. There is 

10% of head loss taking place in the penstock. If the velocity coefficient is 0.97, blade velocity 

coefficient is 0.9, overall efficiency is 0.84 and Pelton bucket deflects the jet by 165°, determine 

  (i) Discharge through the turbine  3m s   

  (ii) Penstock diameter (m) 

  (iii) Jet diameter (m) 

  (iv) Hydraulic efficiency of the turbine 

  Draw velocity triangles     

[20 Marks] 

 

 (b) What do you mean by compounding in steam and gas turbine? What are the various methods of 

compounding in steam and gas turbines? Explain all the methods with neat sketch.  

[20 Marks] 

 

 (c) A reaction steam turbine having diameter of 1400 mm is rotating at 3000 r.p.m The turbine stages 

are designed in such a fashion that the enthalpy drop in both, rotor and stator, is same in each stage. 

If the speed ratio is 0.7 and blade angle at outlet is 20°, draw velocity triangles and determine 

degree of reaction, blade angle at inlet and diagram efficiency.    

[20 Marks] 

 

8. (a) A single-stage air compressor delivers air at 6 bar. The pressure and temperature at the end of 

suction are 1 bar and 27°C. It delivers 1.5 
3m  of free air per minute when the compressor is 

running at 350 rpm. The clearance volume is 5% of stroke volume. The free air conditions are 

1.013 bar and 15°C. The index of compression and expansion is 1.3. Find 

  (i) The volumetric efficiency. 

  (ii) Bore and stroke of cylinder of both are equal, 

  (iii) The power required if the mechanical efficiency is 80%.    

[20 Marks] 
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 (b) Consider an ideal steam regenerative cycle in which steam enters the turbine at 3 MPa. 300°C and 

exhausts to be condenser at 10 kPa. Steam is extracted from the turbine at 0.8 MPa and supplied to 

an open feed water heater. The feed water leaves the heater as saturated liquid. The appropriate 

pumps are used for the water leaving the condenser and feed water heater. If the mass flow rate 

through the boiler is 1 kg/s, determine the amount of steam extracted (kg/s), the total pump work 

(kW) and total turbine work (kW). Draw the schematic of this set-up.    

  (Refer Table A placed at the end of booklet) 

[20 Marks] 

 

 (c) A Brayton cycle works between 1 bar, 300 K and 5 bar, 1250 K. There are two stages of 

compression with perfect inter-cooling and two stages of expansion. The work out of first 

expansion stage is being used to drive the two compressors. The air from the first stage turbine is 

again heated to 1250 K and expanded. Calculate the power output of free power turbine and cycle 

efficiency without and with a perfect heat exchanger and compare them. Also calculate the 

percentage improvement in the efficiency because of the addition of heat exchangers.  

[20 Marks] 
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