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IInnddiiaa  FFoorreesstt  SSeerrvviicceess  22002222  

MMeecchhaanniiccaall  EEnnggiinneeeerriinngg  PPaappeerr  II  

Time Allowed: Three Hours Maximum Marks: 200 

Question Paper Specific Instructions 

Please read each of the following instructions carefully before attempting 

questions: 
 

There are EIGHT questions in all, out of which FIVE are to be attempted.  

Questions no. 1 and 5 are compulsory. Out of the remaining SIX questions, THREE are 

to be attempted selecting at least ONE question from each of the two Sections A and B.  

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 Question-cum-Answer Booklet must be clearly struck off.  

All questions carry equal marks. The number of marks carried by a question/part is 

indicated against it.  

Unless otherwise mentioned, symbols and notations have their usual standard meanings.  

Assume suitable data, if necessary and indicate the same clearly.  

Neat sketch may be drawn, wherever required.  

Answers must be written in ENGLISH only. 

 

SECTION A 

Q1. (a) The figure below shows a differential gear used in a motor car. The 

pinion A on the propeller shaft has 12 teeth and gear B has 60 teeth. The 

shafts S1 and S2 form the rear axles to which the road wheels are 

attached. If the propeller shaft rotates at 1000 rpm and the road wheel 

attached to axle S2 has a speed of 210 rpm while taking a left turn, find 

the speed of road wheel attached to axle S1. 

 

 

 

 

 

 

8 

 (b) Knowing that the spring at A is of constant K and that of the bar AB is 

rigid, determine the critical buckling load (Pcr) for the given column. 

 

 

8 

 (c) Sodium is a bcc crystal. Its density is 9.6 × 102 kg m–3 and atomic weight  
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is 23. Calculate the lattice constant for sodium crystal. Consider 

Avogadro constant as 6.022 × 1026, and number of atoms present in one 

unit cell of sodium is 2. 

 

 

8 

 (d) Why is it important for a gear pair to follow the law of gearing? Explain 

with sketch. 

 

8 

 (e) Determine the maximum torque that can be applied to a hollow circular 

steel shaft of 100 mm outside diameter and 80 mm inside diameter 

without exceeding a shearing stress of 60 MPa or a twist of 0.5 deg/m. 

Use G = 83 GPa, where G is the modulus of rigidity. 

 

 

 

8 

 

Q2. (a) An open belt drive is used to connect two parallel shafts 4 m apart. The 

diameter of the bigger pulley is 1.5 m and that of the smaller pulley is 

0.5 m. The mass of the belt is 1 kg/m length. The maximum tension is 

not to exceed 1600 N. The coefficient of friction is 0.25. The bigger 

pulley, which is the driver, runs at 250 rpm. Due to slip, the speed of the 

driven pulley is 725 rpm. Calculate the power transmitted, power lost in 

friction and the efficiency of the drive. 

 

 

 

 

 

 

15 

 (b) Draw the shear force and bending moment diagrams for the beam and 

loading shown, and determine absolute value of (a) the shear, and (b) the 

bending moment. 

 

 

 

15 

 (c) Enlist the reasons for carrying out case hardening treatment. 10 

 

Q3. (a) (i) Define sensitiveness of a governor. What is hunting in context to a 

governor?                                                                                                        

(ii) A governor of Proell type has each arm 250 mm long. The pivots of 

upper and lower arms are 25 mm from the axis. The central load 

acting on the sleeve has a mass of 30 kg and each of the rotating 

balls has a mass of 4 kg. When the governor sleeve is in mid-

position, the extension link of the lower arm is vertical and the 

radius of the path of rotation of the masses is 175 mm. The vertical 

height of the governor is 200 mm. If the governor speed is 150 rpm 

when in mid-position, find the 

(1) length of the extension link, and  

(2) tension in the upper arm.  

 

5 

 

 

 

 

 

 

 

 

 

10 

 (b) Using Mohr's circle, for the given state of stress, determine the normal 

and shear stresses after the element shown has been rotated through (i) 

25° clockwise, and (ii) 10° counter clockwise.                                                           

 

 

 

15 
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 (c) The turning moment diagram for a petrol engine is drawn to the 

following scales: Turning moment, 1 mm = 5 N-m;  

Crank angle, 1 mm = 1°.  

The turning moment diagram repeats itself at every half revolution of 

the engine and the areas above and below the mean turning moment line 

taken in order are 295, 685, 40, 340, 960, 270 mm2. The rotating masses 

are equivalent to 36 kg at a radius of gyration of 150 mm. Determine the 

coefficient of fluctuation of speed when the engine runs at 1800 rpm.             

 

 

 

 

 

 

 

 

10 

 

Q4. (a) (i) For a single degree freedom system with spring and viscous damper, 

find out the expression for critical damping constant and damping 

ratio under free vibration.                                                                                                   

(ii) The figure below shows a single degree freedom system where a 

massless rigid bar OA is hinged at O and carries a mass m at its 

other end A. A spring and a viscous damper are attached to the bar 

vertically as depicted. Determine the critical damping coefficient.                                                  

 

 

 

5 

 

 

 

10 

 (b) A thick-walled steel cylinder with radii a = 5 cm and b = 10 cm is 

subjected to an internal pressure P. The yield stress in tension for the 

material is 350 MPa. Using a factor of safety of 1.5, determine the 

maximum working pressure P, according to the following theories of 

failure:   

(i) Maximum normal stress theory  

(ii) Maximum shear stress theory  

(iii) Maximum strain theory  

E = 207 × 106 kPa, ν = 0.25  

where E is the Young's modulus, and ν is the Poisson's ratio. 

 

 

 

 

15 

 (c) Describe eutectoid and eutectic reactions. Illustrate these reactions on 

iron-carbon phase diagram. 

 

10 

 

SECTION B 

Q5. (a) What do you mean by barrel tumbling? What are the purposes for 

tumbling employed in surface finish operation? 

 

8 

 (b) Explain the various functions performed by Machine Control Unit 

(MCU). How does MCU receive the information in NC machine? 

 

8 
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 (c) Outline the purposes of Material Requirements Planning (MRP) and 

explain how an MRP system can achieve these purposes.   

 

8 

 (d) A factory manufacturing automobile parts has a separate tool room. The 

average time between requirements of a tool from tool room by a 

mechanic is 12 minutes, and this follows the Poisson's distribution. 

Average service time of the store-keeper is 10 minutes. Determine :  

(i) Average queue length.  

(ii) Average number of mechanics in the system including the one who 

is being attended to.  

(iii) Mean waiting time of a mechanic.  

(iv) Average waiting time of mechanic who waits.   

 

 

 

 

 

 

 

 

8 

 (e) Illustrate the different data types supported by C programming 

language. Also state the typical memory requirements for each data 

type.   

 

 

8 

 

Q6. (a) (i) Write the modified Taylor's tool life equation and explain the role of 

the machining process parameters on tool life.                                                   

(ii) Determine the values of the constant C and index n of Taylor's tool 

life equation, if the value of tool life is decreased from 40 min to 10 

min due to increase in cutting velocity from 80 m/min to 160 m/min 

in turning a mild steel rod by a coated carbide tool insert under a 

given condition.    

 

5 

 

 

 

 

10 

 (b) Given the following data for waiting jobs at a work centre. Apply FCFS 

(first-come-first-serve) and SPT (shortest processing time) sequencing 

rules and calculate total completion time, average flow time, average 

number of jobs in the system each day and average job lateness. Also 

compare the performance of FCFS and SPT rules and give your 

comments. 

 

 

 

 

 

15 
 

Waiting job (alphabetically in order of arrival) P Q R S T 

Processing time (in days) 12 4 16 6 7 

Due date (in days from now) 22 14 26 16 17 
 

 (c) Three firms A, B and C manufacture the same product. The selling price 

for the product per unit is Rs. 15 for all the companies. The fixed costs of 

the companies are Rs. 1,60,000, Rs. 3,50,000 and Rs. 5,20,000 

respectively and the variable cost per unit is Rs. 10, Rs. 7 and Rs. 6. 

Find:  

(i) Break-even point (physical units) for each company.  

(ii) Profit of the companies if each of them sells 2,00,000 units.  

(iii) Percentage impact on profits of the firms if their sales increase by 

20%. 

 

 

 

 

 

 

 

10 

 

Q7. (a) (i) In an electrochemical machining process with a pure iron workpiece, 

a metal removal rate of 5 cm3/min is desired. Determine the current 

required. 

Consider, gram atomic weight, valence at which dissolution takes 

place, and density of iron as 56 g/cm2 and 7.8 g/cm2, respectively.   

(ii) Discuss the advantages, limitations and applications of 

electrochemical machining.   

 

 

 

 

5 

 

10 
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 (b) Solve the following Linear Programming Problem using Simplex method:   

Maximize Z = 3X1 + 2X2 + 5X3, 

subject to X1 + 2X2 + X3  430  

3X1 + 2X3  460  

X1 + 4X2  420  

X1  0, X2  0, X3  0      

15 

 (c) XYZ Company uses large quantities of a component made up of cast iron. 

The annual demand of the component is 3000 boxes. The company 

procures the item from a supplier at the rate of Rs. 600 per box. The 

company estimates the cost of carrying inventory to be 20% per unit per 

annum and the cost of ordering as Rs. 1,050 per order. The company 

works for 260 days in a year. How should the company design an 

inventory control system for this item? What would be the overall cost of 

the plan?   

 

 

 

 

 

 

 

10 

 

Q8. (a) A strip with lead with initial dimensions 24 mm × 24 mm × 150 mm is 

forged between two flat dies to a final size of 6 mm × 96 mm × 150 mm. 

If the coefficient of friction between the job and dies is 0.25, determine 

the maximum forging force. The average yield stress of lead in tension is 

7 N/mm2. 

 

 

 

 

15 

 (b) The monthly demand for units manufactured by ABC Company has been 

as follows: 

 

 

Month Units Month Units 

May 120 September 100 

June 90 October 120 

July 120 November 125 

August 115 December 130 
 

  (i) Use the exponential smoothing method to forecast the number of 

units for June to January. The initial forecast for May was 125 

units;  = 0.3.  

(ii) Calculate the absolute percentage error for each month from June 

through December and the MAD of forecast error as at the end of 

December.  

 

 

 

 

 

15 

 (c) Prepare a flowchart to find the square roots of a set of numbers which 

contains a few negative numbers. 

10 

 

 

 

 

 

 

 

 

 

 

 

 



 

For more information log on www.brijbhooshan.in or www.purvibhooshan.in 

6 Mechanical Engineering Paper 

MMeecchhaanniiccaall  EEnnggiinneeeerriinngg  PPaappeerr  IIII  

Time Allowed: Three Hours Maximum Marks: 200 

Question Paper Specific Instructions 

Please read each of the following instructions carefully before attempting 

questions: 
 

There are EIGHT questions in all, out of which FIVE are to be attempted.  

Questions no. 1 and 5 are compulsory. Out of the remaining SIX questions, THREE are 

to be attempted selecting at least ONE question from each of the two Sections A and B.  

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 Question-cum-Answer Booklet must be clearly struck off.  

All questions carry equal marks. The number of marks carried by a question Ipart is 

indicated against it.  

Unless otherwise mentioned, symbols and notations have their usual standard meanings.  

Assume suitable data, if necessary and indicate the same clearly.  

Neat sketch may be drawn, wherever required.  

Answers must be written in ENGLISH only.  

Newton may be converted to kgf using the equality 1 kilonewton (1 kN) = 100 kgf if found 

necessary.  

All answers should be in SI units.  

Take: 1 kcal = 4.187 kJ and 1 kg/cm2 – 0.98 bar  

1 bar = 105 pascals  

Universal gas constant = 8314.6 J/kmol-K  

Psychrometric chart is enclosed.  

 

SECTION A 

Q1. (a) A 4m × 5m × 7m room is heated by the radiator of steam heating system. 

The steam radiator transfers heat at a rate of 10,000 kJ/h and a 100 W 

fan is used to distribute the warm air in the room. The heat losses from 

the room are estimated to be at the rate of 5,000 kJ/h. If the initial 

temperature of the room air is 10°C, determine how long it will take for 

the air temperature to rise to 20°C. Assuming constant specific heat of 

air [cp = 1.007 kJ/kg-K] and take the value of R = 0.287 kPa m3/kg-K for 

air.  

Further assume room pressure = 100 kPa.       

 

 

 

 

 

 

 

 

8 

 (b) Using pressure vs crank angle diagrams compare the detonation 

observed in SI engines with knock of CI engines. Also show that factors 

which favour knock in SI engines are desirable in CI engines. 

 

 

8 

 (c) Define the following non-dimensionless numbers and explain their 

physical significance:                                                                                                             

(i) Nusselt number  

(ii) Grashof number  

(iii) Stanton number  

(iv) Prandtl number 

 

8 

 (d) On a cold winter night, with an outside ambient temperature of 5°C, a 

wall of the house loses 30 kJ per minute steadily. If the inner and outer 

 

 



 

For more information log on www.brijbhooshan.in or www.purvibhooshan.in 

7 Indian Forest Services 2022 

surface temperatures of the wall are maintained at 25°C and 9°C 

respectively, what would be the energy destruction rate (in Watts) 

within the wall? 

 

 

8 

 (e) A furnace is shaped like a long equilateral triangular duct where the 

width of each side is 2 m. Heat is supplied from the base surface, whose 

emissivity is 1 = 0.8, at a rate of 800 W/m2, while the side surfaces, 

whose emissivities are 0.5, are maintained at 500 K. Neglecting the end 

effects, determine the temperature of the base surface. Can you treat 

this geometry as a two surface encloser? Take σ = 5.67 × 10
8 W/m2-K4 

and area of base surface = 1 m2 and total area of other side surfaces = 2 

m2.       

 

 

 

 

 

 

 

8 

 

Q2. (a) Tank A of volume 500 L contains air at room temperature and 700 kPa 

pressure. Cylinder B, initially empty, has a piston of mass 100 kg and 

cross-sectional area 0.5 m2, and linear spring with spring constant 150 

kN/m as shown in the figure. Now the valve is opened and air flows 

slowly and steadily into cylinder B. The entire system eventually reaches 

room temperature. Assume air as an ideal gas and atmospheric pressure 

as 101 kPa. Draw the entire process on P-v diagram for air in cylinder B.  

Determine:  

(i) Pressure when piston just touches the spring.  

(ii) Whether the piston will be at stops in the final state.  

(iii) Final pressure of air.  

(iv) Work done by air during each process.  

 

 

 

 

 

 

 

 

 

 

 

 

15 

 (b) Consider a water-to-water counter-flow heat exchanger with these 

specifications. Hot water enters at 95°C while cold water enters at 20°C. 

The exit temperature of hot water is 15°C greater than that of cold water 

outlet and mass flow rate of hot water is 50 percent greater than that of 

cold water. The product of heat transfer surface area and overall heat 

transfer coefficient is 1400 W/m2°C. Taking the specific heat of both cold 

and hot water to be cp = 4.18 kJ/kg°C, determine:  

(i) outlet temperature of the cold water,  

(ii) effectiveness of the heat exchanger,  

(iii) mass flow rate of the cold water, and  

(iv) the heat transfer rate.                                                                               

 

 

 

 

 

 

 

 

 

 

15 

 (c) Explain the thermal NO formation in SI engines during combustion. List 

the factors which favour NO formation in-cylinder. Also describe the in-

cylinder NO suppression techniques and exhaust treatment techniques 

followed in modern SI engines.     

 

 

 

10 

 

Q3. (a) Consider a large plane wall of thickness l = 0.4 m, thermal conductivity  
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k = 2.3 W/m°C and surface area A = 20 m2. The left side of the wall is 

maintained at a constant temperature of 80°C while the right side loses 

heat by convection to the surrounding air at T∞ = 15°C with a heat 

transfer coefficient of h = 24 W/m2°C. Assuming constant thermal 

conductivity and no heat generation in the wall,  

(i) express the differential equation and the boundary conditions for 

steady one-dimensional heat conduction through the wall,  

(ii) obtain a relation for the variation of temperature in the wall by 

solving the differential equation, and  

(iii) calculate the rate of heat transfer through the wall.      

 

 

 

 

 

 

 

 

 

15 

 (b) Air enters the compressor at the ambient condition of 100 kPa and 25°C 

(state 1). At the compressor exit (state 2), the pressure is 10 times of 

inlet pressure. The compression process is polytropic with n = 1.40645. 

Constant pressure heat addition takes place in a heat exchanger, where 

the air enters after compression. The temperature at the exit of the heat 

exchanger is 726.85°C (state 3). The air then enters the turbine at state 

3 and leaves the turbine at 110 kPa (state 4). The expansion process in 

turbine is polytropic with n = 1.38727. Assume air as an ideal gas with 

mass flow rate of 15 kg/s through all components. Determine:  

(i) the amount of power required for the compression process.  

(ii) heat supplied in the heat exchanger (kW).  

(iii) power generated by the turbine.  

(iv) net power output. 

 

Solve using Air table given.                                                                                15 

Ideal Gas Properties of Air, Standard Entropy at 0.1 Mpa (1 Bar) Pressure  

T (K) u (kJ/kg) h (kJ/kg) S0
T (kJ/kg-K) T (K) u (kJ/kg) h (kJ/kg) S0

T (kJ/kg-K) 

200 142.77 200.17 6.46260 1100 845.45 1161.18 8.24449 

220 157.07 220.22 6.55812 1150 889.21 1219.30 8.29616 

240 171.38 240.27 6.64535 1200 933.37 1277.81 8.34596 

260 185.70 260.32 6.72562 1250 977.89 1336.68 8.39402 

280 200.02 280.39 6.79998 1300 1022.75 1395.89 8.44046 

290 207.19 290.43 6.83521 1350 1067.94 1455.43 8.48539 

298.15 213.04 298.62 6.86305 1400 1113.43 1515.27 8.52891 

300 214.36 300.47 6.86926 1450 1159.20 1575.40 8.57111 

320 228.73 320.58 6.93413 1500 1205.25 1635.80 8.61208 

340 243.11 340.70 6.99515 1550 1251.55 1696.45 8.65185 

360 257.53 360.86 7.05276 1600 1298.08 1757.33 8.69051 

380 271.99 381.06 7.10735 1650 1344.83 1818.44 8.72811 

400 286.49 401.30 7.15926 1700 1391.80 1879.76 8.76472 

420 301.04 421.59 7.20875 1750 1438.97 1941.28 8.80039 

440 315.64 441.93 7.25607 1800 1486.33 2002.99 8.83516 

460 330.31 462.34 7.30142 1850 1533.87 2064.88 8.86908 

480 345.04 482.81 7.34499 1900 1581.59 2126.95 8.90219 

500 359.84 503.36 7.38692 1950 1629.47 2189.19 8.93452 

520 374.73 523.98 7.42736 2000 1677.52 2251.58 8.96611 

540 389.69 544.69 7.46642 2050 1725.71 2314.13 8.99699 

560 404.74 565.47 7.50422 2100 1774.06 2376.82 9.02721 

580 419.87 586.35 7.54084 2150 1822.54 2439.66 9.05678 

600 435.10 607.32 7.57638 2200 1871.16 2502.63 9.08573 

620 450.42 628.38 7.61090 2250 1919.91 2565.73 9.11409 
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640 465.83 649.53 7.64448 2300 1968.79 2628.96 9.14189 

660 481.34 670.78 7.67717 2350 2017.79 2692.31 9.16913 

680 496.94 692.12 7.70903 2400 2066.91 2755.78 9.19586 

700 512.64 713.56 7.74010 2450 2116.14 2819.37 9.22208 

720 528.44 735.10 7.77044 2500 2165.48 2883.06 9.24781 

740 544.33 756.73 7.80008 2550 2214.93 2946.86 9.27308 

760 560.32 778.46 7.82905 2600 2264.48 3010.76 9.29790 

780 576.40 800.28 7.85740 2650 2314.13 3074.77 9.32228 

800 592.58 822.20 7.88514 2700 2363.88 3138.87 9.34625 

850 633.42 877.40 7.95207 2750 2413.73 3203.06 9.36980 

900 674.82 933.15 8.01581 2800 2463.66 3267.35 9.39297 

950 716.76 989.44 8.07667 2850 2513.69 3331.73 9.41576 

1000 759.19 1046.22 8.13493 2900 2563.80 3396.19 9.43818 

1050 802.10 1103.48 8.19081 2950 2613.99 3460.73 9.46025 

1100 845.45 1161.18 8.24449 3000 2664.27 3525.36 9.48198 
 

 (c) Explain the MPFI (Multipoint Port Fuel Injection) system layout which 

employs mass flow sensor used in multi-cylinder SI engines. Clearly 

indicate the components present in the layout and their 

sensing/operational functions. 

 

 

 

10 

 

Q4. (a) A frictionless constant-pressure piston cylinder device, initially contains 

0.01 m3 of Argon gas at 400 K and 350 kPa. Heat is now transferred to 

Argon from a furnace at 1200 K, and Argon expands isothermally until 

its volume is doubled. No heat transfer takes place between the Argon 

and surrounding atmospheric air, which is at T0 = 300 K and P0 = 100 

kPa.  

Determine:  

(i) the useful work output,  

(ii) the energy destroyed,  

(iii) the reversible work, and  

(iv) the maximum available work for this process.  

For Argon, take R = 0.2081 kJ/kg K.     

 

 

 

 

 

 

 

 

 

 

15 

 (b) A four-cylinder, four-stroke diesel engine develops 85 kW at 2000 rpm 

with a specific fuel consumption of 0.235 kg/kWh, and the air/fuel ratio 

is 25 : 1. The analysis of the fuel shows 87% carbon and 13% hydrogen 

by mass. The calorific value of fuel used is 4,25,200 kJ/kg. The jacket 

cooling water flows at 0.25 kg/s and its temperature rise is 48 K. The 

exhaust gas temperature is 320°C. Draw up a Heat Balance Chart 

showing dry exhaust heat and steam heat separately. Take cp = 1.85 

kJ/kg K for dry exhaust gas and cp = 1.9 kJ/kg K for superheated steam. 

The ambient temperature is 20°C and the exhaust gas pressure is 1.013 

bar. 

 

 

 

 

 

 

 

 

 

15 

 (c) Explain the construction and working of a three-way catalytic converter 

for SI engines. Give details of substrate and wash coat applied for 

catalysis. Also, describe the working of Lambda sensor (02-sensor) and 

explain how it helps in the control of pollutants leaving the tailpipe. 

 

 

 

10 

 

SECTION B 

Q5. (a) Explain with a neat sketch, vapour absorption refrigeration system  
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using water and ammonia, with all modifications. 8 

 (b) How can you explain using a Fanno line that a subsonic flow can never 

become supersonic? 

 

8 

 (c) Compare velocity compounded impulse turbines with pressure 

compounded impulse turbines based on the following:  

(i) Number of stages  

(ii) Position in the steam turbine layout  

(iii) Efficiency per stage  

(iv) Type of construction of nozzle blade and cost  

(v) Possibility of partial admission  

(vi) Type of sealing needed for nozzle blades  

(vii) Pressure drop per stage  

(viii) Total cost of all stages for a given pressure drop 

 

8 

 (d) Explain the selection criteria of refrigerant based on:  

(i) Thermodynamic and thermo-physical properties  

(ii) Environmental and safety properties 

8 

 (e) Discuss briefly the factors that should be considered while selecting the 

site for a nuclear power plant. 

 

8 

 

Q6. (a) A freezer of 20 TR capacity has evaporator and condenser temperature of 

–30°C and 25°C respectively. The refrigerant R-12 is subcooled by 4°C 

before it enters the expansion valve and is superheated by 5°C before 

leaving the evaporator. The compression is isentropic and the valve 

throttling and clearance are to be neglected. If a six-cylinder, single-

acting compressor with stroke equal to bore running at 1000 rpm is 

used, determine : 

(i) COP of the refrigeration system,  

(ii) Mass of refrigerant to be circulated per min, and  

(iii) Work input to the compressor in kW. 

The specific heat of liquid R-12 is 1.235 kJ/kg K and of vapour R-12 is 

0.733 kJ/kg K. 

 

 

 

 

 

 

 

 

 

15 

The properties of R-12 are given below:  

Saturation  

Temp 

Pressure  

(bar) 

Enthalpy, kJ/kg Entropy, kJ/kg K Specific volume, m3/kg 

Liquid Vapour Liquid Vapour Liquid Vapour 

–30°C 1.0044 8.86 174.2 0.0371 0.7171 0.000673 0.1596 

25°C 6.5184 59.7 197.73 0.2239 0.6868 0.00764 0.0269 
 

 (b) A Parsons steam turbine with a rotor diameter of 1250 mm rotates at 

2500 rpm If the speed ratio is 0.7 and the blade angle at outlet is 20°, 

determine the blade angle at inlet and the diagram efficiency. Draw 

velocity triangles. 

 

 

 

15 

 (c) What is a Deaerator? Explain its role in a steam power plant. Also draw 

a sketch to explain its construction and operation. 

 

10 

 

Q7. (a) A compressor cascade has the following data:  

Velocity of air at entry = 75 m/s  

Air angle at entry = 48°  

Air angle at exit = 25°  

Pitch - Chord ratio =1.1  

Stagnation pressure loss = 11 m of air column  
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Density of air = 1.25 kg/m3. 

Determine the actual pressure recovery coefficient and the maximum 

diffuser efficiency. 

 

 

15 

 (b) Steam at exit of a boiler is at 60 bar and 500°C. It flows with a velocity of 

10 m/s and mass flow rate of 80 kg/s. Determine the number and length 

of superheater coils of 50 mm internal diameter and 5 mm thickness to 

be provided. Assume the heat flux in the superheater coils is to be 

limited to 140 kW/m2 due to materials restriction. 

 

 

 

 

15 

 Use the attached table:  

p(bar) = 60.00 

SAT t (°C) 

 275.55 

SAT.LIQ 1213.7 3.0273 .0013187 

SAT.VAP 2785.0 5.8908 .03244 
 

t h s v t h s v t h s v 

°C kJ/kg kJ/kgK m3/kg °C kJ/kg kJ/kgK m3/kg °C kJ/kg kJ/kgK m3/kg 

0 6 1 .0003 .0009972         

10 47.8 .1505 .0009974 310 2920.7 6.1310 .037481 610 3679.6 7.1931 .066024 

20 89.5 .2950 .0009990 320 2954.2 6.1880 .038744 620 3703.1 7.2195 .066862 

30 131.1 4347 .0010016 330 2986.1 6.2412 .039949 630 3726.5 7.2456 .067697 

40 172.7 .5698 .0010052 340 3016.5 6.2913 .041105 640 3750.0 7.2715 .068529 

50 214.4 .7007 .0010094 350 3045.8 6.3386 .042222 650 3773.5 7.2971 .069359 

60 256.1 .8278 0010144 360 3074.0 6.3836 .043304 660 3797.1 7.3225 .070187 

70 297.8 .9512 .0010201 370 3101.5 6.4267 .044357 670 3820.7 7.3476 .071013 

80 339.6 1.0713 .0010263 380 3128.3 6.4680 .045385 680 3844.3 7.3725 .071837 

90 381.5 1.1883 .0010332 390 3154.4 6.5077 .046391 690 3868.0 7.3972 .072658 

100 423.5 1.3023 .0010406 400 3180.1 6.5462 .047379 700 3891.7 7.4217 .073478 

110 465.6 1.4136 .0010487 410 3205.4 6.5834 .048350 710 3915 4 7.4459 .074296 

120 507.8 1.5224 .0010573 420 3230.3 6.6196 .049306 720 3939.1 7.4700 .075112 

130 550.2 1.6288 .0010665 430 3254.9 6.6549 .050249 730 3962.9 7.4938 .075927 

140 592.8 1.7332 .0010764 440 3279.3 6.6893 .051181 740 3986.8 7.5175 .076740 

150 635.6 1.8355 .0010870 450 3303.5 6.7230 .052109 750 4010.7 7 5409 .077551 

160 678.6 1.9361 .0010983 460 3327.4 6 7559 .053016 760 4034.6 7.5642 .078361 

170 722.0 2.0351 .0011103 470 3351.3 6.7882 .053920 770 4058.6 7.5873 .079170 

180 765.7 2.1325 .0011232 480 3375.0 6.8199 .054817 780 4082.6 7.6102 .079977 

190 809.7 2.2287 0011371 490 3398.6 6.8511 .055707 790 4106.6 7.6329 .080782 

200 854.2 2.3237 .0011519 500 3422.2 6.8818 .056592 800 4130.7 7.6554 .081587 

210 899.2 2.4178 .0011680 510 3445.7 6.9119 .057470     

220 944.7 2.5110 .0011853 520 3469.1 6.9417 .058344     

230 990.9 2.6038 .0012042 530 3492.5 6.9710 .059212     

240 1037.9 2.6962 .0012249 540 3515.9 7.0000 .060076     

250 1085.8 2.7886 .0012476 550 3539.3 7.0285 .060937     

260 1134.7 2.8813 .0012729 560 3562.7 7.0568 .061793     

270 1185.1 2.9749 .0013013 570 3586.0 7.0846 .062646     

280 2804 9 5.9270 .033173 580 3609.4 7.1122 .063495     

290 2846.7 6.0017 .034718 590 3632.8 7.1395 .064341     

300 2885.0 6.0692 .036145 600 3656.2 7.1664 .065184     
 

 (c) Air at 30°C dry bulb temperature and 60% relative humidity is passed 

through a cooling coil at the rate of 250 m3/min. The air leaves the coil at 

14°C dry bulb temperature. If the bypass factor of the cooling coil is 0.1, 

find:  

(i) Surface temperature of the cooling coil,  

(ii) Relative humidity of the air leaving the cooling coil,  

(iii) Capacity of the cooling coil in kW, and 
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(iv) Sensible heat factor.   

Assume barometric pressure = 1.01325 bar  

Solve the problem by using Psychrometric chart. 
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Q8. (a) The maximum demand of a power station is 96 MW and the daily load 

curve is described below: 

 

 

Time (hours)  0 – 6 6 – 8 8 – 12 12 – 14 14 – 18 18 – 22 22 – 24 

Load (MW)  48 60 72 60 84 96 48 
 

  (i) Determine the load factor of the power station.  

(ii) What is the load factor of standby equipment rated at 30 MW that 

takes up all load in excess of 72 MW? 
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 (b) Using Buckingham's Pi theorem obtain the expressions for head, 

capacity and power coefficients of an incompressible flow turbomachine. 

 

15 

 (c) For a centrifugal air compressor running at 7200 rpm, the impeller 

diameter is 45 cm. The inlet stagnation temperature is 288 K and the 

pressure coefficient is 0.8. Assuming isentropic flow with no shock, 

determine the pressure ratio developed. For air, take specific heat at 

constant pressure as 1.005 kJ/kg K and assume zero swirl at entry. 
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