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MECHANICAL ENGINEERING (PAPER-II) 

QUESTION PAPER SPECIFIC INSTRUCTIONS 

Candidate has to attempt FIVE questions in all. 

(Please read each of the following instructions carefully before attempting questions) 
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Maximum Marks : 250 

There are EIGHT questions divided in two Sections and printed both in HINDI and 

in ENGLISH. 

feH je6 : 250 

The number of marks carried by a question/part is indicated against it. 
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Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted 
choosing at least ONE question from each Section. 

Answers must be written in the medium authorized in the Admission Certificate. which 
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the 
space provided. No marks will be given for answers written in a medium other than the 
authorized one. 
Wherever any assumptions are made for answering a question, they mnust be clearly indicated. 
Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the 
question itself. 

1 

Unless otherwise mentioned, symbols and notations carry their usual standard meanings. 
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. 
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GUG-A / SECTION-A 

L. (a)# a I ZSI, HI zH 1:5 kg 3 YRNG IY4A 260 K, aIAIAU 5 

G41 (e te) 334 kJ/kg 8, q 3R YHA 

2-07 kJ/kg-K qT 4:2 kJ/kg-K ¿ 44 

A ump of ice with a mass of 15 kg at an initial temperature of 260 K melts at 

the pressure of 1 bar as a result of heat transfer from the environment. After 

some time, the resulting water attains the temperature of environment, 293 K. 

Calculate the entropy production associated with this process. The latent 

heat of fusion of ice is 334 kJ/kg, the specific heat of ice and water 

are 2:07 kJ/kg-K and 4-2 kJ/kg-K, respectively. Assume that ice melts at 

273-15 K. 

fafe HT (ATbes te) S49: 

f a$ 273-15 K s fH 

GKGT, g iR y =1·4 7T R = 0-287 kJ/kg-KI 

Downstream of a normal shock wave, the characteristic Mach number 

M, =0.5 and the stagnation pressure is 2 bar. Determine the following 

(i) The Mach number M,, downstream of the shock 

(ü) The stagnation pressure upstream of the shock 

The fluid is air and y =1.4, and R=0-287 kJ/kg-K. 

Normal shock table and Isentropic flow table provided at the end, may be used. 

Show, in the form of a table, how the following parameters change (increase/ 

decrease/remain constant) across a normal shock wave : 

SLPM-B-MCH/11 

Static pressure, Static temperature, Stagnation pressure, Stagnation 

temperature, Stagnation density, Mach number, Entropy and Stagnation 

enthalpy 
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T) =90-80x +16x +32x3 -25x4 

k50 cm> 

At a certain instant of time, the temperature across a large wall of thickness 

50 cm is given as 

X=05 m 

T() =90-80x+16x +32x -25x 

where x is in metres and measured from the left face of the wall as shown in 

the figure below and T is in °C. If the area of the wall is 10 mn and there is no 

generation of heat in the wall, compute the following : 
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() The rate of heat entering and leaving the wall 

ü) The rate of heat energy stored in the wall 

() The rate of temperature change with time at x= 0 and x=0-5 m 

k50 cm> 

X=0 

3 

X= 05 m 
10 
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(e) 

() ag aR AI , yf 3Hâi M 250 mmn 

f0AI (ty ta) 0.4 um 0-75 um a 
0H-arHA fRUats (o) à 5.67 x10-8 w/m²-K rf|FfoI (& aisi) fafU 

AT(um-K) 
1300 
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1400 

2400 

2500 

AT(4m-K) 
1300 

1400 

A 120 W electric bulb has a filament temperature of 3005 °C. Assuming the 
filament to be black, calculate () the diameter of the filament wire if the length 
is 250 mnm and (i) the efficiency of the bulb based on visible radiation if the 
visible radiation lies in the wavelength range from 0.4 um to 0-75 um. Assume 
Stefan-Boltzmann constant () as 5.67 x10- W/m-K*. The black body 
radiation functions are given in the table : 

2400 

2500 

fo 
0-004317 

4 

0-007791 

0-140266 

0-161366 

fo-à 
0-004317 

0-007791 

0140266 

0161366 

A reversible power cycle engine is used to drive a reversible heat pump. The power cycle takes in Q, heat units at temperature T and rejects heat O2 at temperature T,. The heat pump abstracts heat O from the sink at temperature T, and discharges heat Os at temperature Ta. Develop an expression for the ratio . /0, in terms of the four temperatures T, l2: 3 and T4. 
10 

10 



(i) rH 6 AI�A Ý 2 MPa, 1000 °C à 350 kPa rs as4 (Ufsyaf) 4 

(2) sftaAI (aftifafcrt) 
(3) fci Ay4 q4I 

3Trf4 61 3HTfue R 40 kg/kmol R Y =1-67 ifI (T% 3R Po R41: AIAIG{U 

Argon gas expands adiabatically in a turbine from 2 MPa, 1000 °C to 
350 kPa. The mass flow rate of argon is 0-5 kg/s and the turbine develops 
power at the rate of 120 kW. Determine the following : 

(1) The temperature of argon at the turbine exit 

(2) The irreversibility rate 

(3) The second law efficiency 
Neglect kinetic and potential energy effects and take Th = 20 °C and 

P, =1 atm. Take molecular weight of argon as 40 kg/kmol and y =1-67. 
(T, and P are the environment temperature and pressure, respectively) 

ti 3ta (Èz) 3EUR fRftat (}ATA GÁA) P, =10 bar str T, = 400KEI 

, Afifaa uita Afe: 

H ifo fet yara E4 (suar) Ag fert y =1.4 I R= 287 J/kg-K lI 

SLPM-B-MCH/11 5 

10 

|P.T.0. 



Compressed air is transported in an industrial pipeline of 50 mm inter, 
diameter. The stagnation conditions at the inlet are Po =10 bar and T, = 400 
The average Fanning friction factor f =0-002. If the Mach number changes 
from 3 at the entry to 1 at the exit, determine the following : 

() The length of the pipe 

(i) The velocity at the exit 

(üi) The change in the stagnation temperature 

(fiu) The change in the stagnation pressure 

(u) The change in the entropy 

(ui) The mass flow rate 

Assume the flow to be adiabatic. For air, take y=1.4 and R=287 J/kg-K. 

Isentropic flow table and Fanno flow table attached at the end, may be used. 

fHI 40 m/sl Y l I4HA T = 20 °C, a T. =120 °C R GH RGI 

(HI Pag =0995 kg/m, 
Kag =30 x103 W/m-K) 

(Assume Pair =0.995 kg/m. 

kair =30 x10 w/m-K) 

A thin flat plate, that is 0-2 m x0-2 m on a side, is oriented parallel to an 
atmospheric air stream having a velocity of 40 m/s. The air is at a temperature of T = 20 °C, while the plate is maintained at T, =120 °C. The air flows over 
the top and bottom surfaces of the plate, and measurement of the drag force 
reveals a value of 0·075 N. What is the rate of heat transfer from both sides of 
the plate to the air? 
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V g = 20-92 x10- m²/s, 

6 

Vair =20-92 x 10-6 

Prg =0-7, 

m²/s, Prair =0·7, 

20 
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3. (a) 

A long cylindrical rod of radius 10 cm consists of a nuclear reacting material 
(k=0-5 W/m-K) generating 24000 W/m uniformly throughout its volume. 
The rod is encapsulated within another cylinder whose outer radius is 20 cm 

and that has a thermal conductivity of 4 W/m-K. The outer surface is 
surrounded by a fluid at 100 °C, and the convection coefficient between the 
surface and the fluid is 20 W/m-K. Find the temperatures of the interface 
between the two cylinders, at the outer surface and the maximum temperature 

under steady-state condition. 

0-30 m ik 0-15 m al qIY á gHH yAR TUHI INI 

ag fere y= 1·4, C, =1-005 kJ/kg-K. 

(2A) fefrt Po, =1-1 bar TI 
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A centrifugal compressor is to be designed for an industrial application 

handling air. The inlet stagnation conditions are Po, =1-1 bar and To, =295 K. 
The air enters the eye of the impeller axially, without any prewhirl. The axial 
velocity is uniform throughout the eye and is equal to 143 m/s. The eye tip and 
root diameters are 0:30 m and 015 m, respectively. Calculate the mass flow 
rate of air. 
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(c 

ne overall diameter of the impeller is 0-50 m. The power input factor is 
104 and the slip factor is 0-9, The rotational speed of the compressor is 
290 revolutions/second. The isentropic effhciency of the compressor (based on 
total head) is 0-78. The radial velocity at the impeller tip is 143 m/s. Assume 
that half the total losses' occurs in the impeller. Determine the pressure ratio 
and the power required to drive the compressor. Also, determine the axial 

aepth of the impeller channels at the periphery of the impeller. Draw the T.s 

diagram showing the variations of both static and stagnation pressures and 

temperatures in the impeller and the diffuser. 

For air, y= 1-4, C, =1-005 kJ/ kg-K. 

T(r) =344-8+75-18.8! 

The velocity and temperature profiles for laminar flow in a tube of radius 

To =10 mm have the form at a particular axial location 

4 

T)=344-8+75 

m²-Kt 

with units of m/s and K, respectively. Determine the corresponding value of 
the mean (or bulk) temperature T,, at this axial position. 
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-18-g* 

t, E 35000 kg/h âi 50 °C YS HâH YI9 sd Hizfaca (te 

AIaRG AR 22:5 mm 1 8I AH 25 mm rHH 2 m/s TÍd H 
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Pr =6.98 
p=998.9 kg/m3 

Cp =4:180 kJ/kg-K 
V =1-0006 x 10- m/s 

A shell and tube type condenser is employed in a steam power plant to handle 
35000 kg/h of dry and saturated steam at 50 °C. The cooling water enters 
the condenser at 15 °C and leaves at 25 °C. The tubes are of 22-5 mm inside 
diameter and 25 mm outside diameter. The water flows through the tubes at 
an average velocity of 2 m/s. The heat transfer coefficient on steam side is 

5001 W/m-K. 

k =0-59859 W/m-K 

Calculate the following : 

fi) The mass flow rate of water (in kg/s) 

f) The heat transfer surface area (based on Uo) 

follows : 

(üi) The number of tubes required for water flow 

(iv) The number of tube passes in condenser if the length of each tube pass 
should not be more than 2:5 m 
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Assume that condensate coming out from the condenser is saturated water 
and resistance of tube wall is negligible. For waterside heat transfer coefficient, 
use the correlation Nu = 0-023 Re Pro Take latent heat of steam as 

2374 kaJ /kg. The properties of water at mean bulk temperature of 20 °C are as 

Pr =6.98 

p=998·9 kg/m 

Cp =4-180 kJ/kg-K 
V=1-0006 x 10O m/s 

k =0-59859 W/m-K 

Assume fully developed flow through tubes and a single shell is used. 

9 
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p afAA AA 1200 K m PA 4A 290 K1H SA 95 kPa 

g feA C, sr C, AA: 1005 kJ/kg-K a 0718 k=J/kg- K IAI 
A stationary gas turbine plant operates ona Brayton cycle and delivers 20 MW 
to an electric generator. The maximum temperature is 1200 K and the 

minimum temperature is 290 K. The minimum pressure is 95 kPa and the 
maxámum pressure is 380 kPa. If the isentropic efficiencies of the turbine and 
compressor are 085 and 08, respectively, find 

) the nass flow rate of air to the compressor; 

(i) the voume flow rate of air to the compressor; 

(ti) the fraction of turbine work output needed to drive the compressor; 
(u) the cycle efficiency. 

Ifa regenerator of 75% effectiveness is added to the plant, what would be the 
changes in the cycle efficiency and net work output? 

Assume C, and C, for aifr as 1-005 kJ/kg-K and 0718 kJ/kg-K, respectively. 
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(b) 

The heat transfer rate due to free convection from a vertical surface, 1 m high 
and 0'6 m wide, to quiescent air that is 20 K colder than the surface is known. 
What is the ratio of the heat transfer rate for that situation to the rate 
corresponding to a vertical surface, 06 m high and 1 m wide, when the 
quiescernt air is 20 K warmer than the surface? Neglect heat transfer by 
radiation and any influence of temperature on the relevarnt thermophysical 
properties of air. 

The correlation between Nusselt number and Rayleigh number is given as 
NuL =0-10 Ra25 

gUG-B / SECTION-B 

With the help of P-0 (pressure-crank angle) diagram, compare the knock in 
SI and CI engines. Explain that "the factors which tend to prevent knock in 

SI engines in fact promote knock in CI engines". 

Describe the phenomenon of blowby losses'. What are the factors that increase 
the blowby losses? What are the effects of increased blowby losses on the 

engine performance? 

What are the advantages and disadvantages of supercritical pressure boilers 
as compared to that of subcritical boilers? Also, draw the Rankine cycle 
(T-s diagram) for a steam power plant employing supercritical boiler with single 
stage of reheating. 
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h=353H 

Derive the expression as given below for draught h in mm of water column 

being created by a chimney of height H metre 

h=353H 

where m, is mass of air supplied per kg of fuel, and T, and T, are ambient air 

and hot gas temperatures in Kelvin, respectively. 

Ta 

What is the chemical name of R134a? Is R134a an ecofriendly refrigerant? 
Clarify. 

frHEI Hs MIT (E4 RT) 15:1 94 IIAY0Y AIg 1 bar � 27 °C 

qR 200 mm 7T TR 250 mm 3 Tfd 3000 r.p.m. I AHIgd âi 

(ti) fth 314 (YIqR 313242) 
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aN fer Y=1:4, R= 0-287 kJ/kg-K 
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A single-cylinder, two-stroke, high-speed diesel engine working on 'dual cycle' 
has a compression ratio of 15: 1. The engine takes in atmospheric air at 1 bar 
and 27 °C. The maximum temperature in the cylinder is 1312 K. The cutoff 
ratio is 1·093.The engine has a bore of 200 mm and stroke length of 250 mm. 
The engine speed is 3000 r.p.m. Calculate the following : 

() The cycle efficiency 

fi) The net work output per unit mass of air 

(ti) The power output 

fiv) The mean effective pressure 

(v) The ratio of heat added in the constant-pressure process to that in the 

constant-volume process 

Draw the P-V and T-s diagrams of the cycle. 

For air, Y=1·4, R=0-287 kJ/kg-K. 

yfbRT) TuH a 30 bar 3¦R 350 °C s Y JUH h=3115-3 kJ/ kg r 

s=6.7427 kJ/kg-K aI 

An ideal regenerative steam power cycle operates so that steam enters the 

turbine at 30 bar and 350 °C, and exhausts at 0·1 bar. A single open feedwater 

heater is employed which operates at 5 bar. Compute the thermal efficiency of 

the cycle. The steam properties at 30 bar and 350 °C are h =3115.3 kJ/kg and 

s=6-7427 kJ/kg-K. 

Use Steam tables given at the end to get other properties. 

Why is vapour absorption refrigeration system considered to be a better option 

in comparison to vapour compression refrigeration system for large capacity 

refrigeration and air-conditioning plants? 
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(b) 

(o3-RR Ra) 15 bar 
tu VA ( ) 

50 bar, 350 °C:h=3068.4 kJ/kg, s =6.4492 kJ/kg-K 

1·5 bar, 250 °C: h=2972-65 kJ/kg, s =78709 kJ/kg-K 

Steam properties : 

yg Auafta ait t qr sH q sf eI 12000 kg y ht 

fr faGhI I tg YIg 1-5 bar R 250 °C T# y1: TH 

A two-stage turbine receives steam at 50 bar and 350 °C. At 1-5 bar, the high 

pressure stage exhausts and 12000 kg of steam per hour is taken at this stage 

for process heating purposes. The remainder steam is reheated to 250 °C at 

15 bar and then expanded through the low-pressure turbine to a condensate 

pressure of 0-05 bar. The power output from the turbine unit is to be 3750 kW. 

The isentropic efficiency of high-pressure stage is 0-84 and that of the 

low-pressure stage is 0-81. Calculate the rate of steam being generated per 

hour by the boiler. 

50 bar, 350 °C: h=3068-4 kJ/kg, s=6-4492 kJ/kg-K 
15 bar, 250 °C: h= 2972-65 kJ/kg, s=7:8709 kJ/kg-K 

Use Steam tables given at the end to get other properties. 

What is meant by effective temperature? List and explain briefly the 
factors which affect optimum effective temperature in air-conditioning. 

Explain psychrometric process of adiabatic mixing of two air streams. 
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Why is it necessary to cool 1C engines? What are the disadvantages of 
overcooling an 1C engine? 
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T 

(°C) 

YR0dE oy R134a 

- 10 

35 

q|4c5 IYHA = - 10 °C 

(i) 3414# Ab, kW � 

IYHA = 35 °C 

HsE (AE) = 2800 r.p.m. 

R134a Juyi nfe61 f T: 

HINT (Fe) 147 = 269-4 cm 

faR 4H05 = 1·12 

P 

(bar) 

2-014 
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8-870 

V (m°/kg) 

0-0994 

(kJ/kg) 

15 

186-7 

249:1 

hg 

(kJ/kg-K) 

417-6 

Sf 

392-4 0-9512 1-733 

1·1680 

HA f 8:87 bar q �ei TT 4 Ì taRTE s8HT s4: 1:458 kJ/ K 

1-715 



(b) 

The folowing data refers to a single-stage vapour compression refrigeration 

system : 

Refrigerant = Rl34a 

Condenser temperature = 35 °C 
Evaporator temperature =-10 °C 
Compressor motor speed = 2800 r.p.m. 

Clearance ratio = 0-03 

Swept volume = 269-4 cm3 

Expansion index = 1:12 

T 

Compression isentropic efficiency = 75% 

Condensate subcooling in condenser = 5 °C 

Draw P-h diagram and determine the following : 

() The capacity of the plant in TR 

(ü) The power required in kW 

(i) The COP 

(iu) The heat rejection to condenser 

(v) The second law efficiency 

The properties of R134a are given in the table: 

P 

(°C) (bar) 

- 10 2-014 

35 8:870 

Specific volume of 
saturated vapour 

Vg (m°/kg) 

SLPM-B-MCH/11 

0-0994 

hf 

Enthalpy 
(kJ/kg) 

16 

186-7 

249-1 

392-4 

417-6 

Sf 

Entropy 
(kJ/kg-K) 

0-9512 

1·1680 

S 

1-733 

Assume specific heat of liquid and vapour at 8"87 bar as 1-458 kJ/kg-K and 
1·1 kJ/kg-K, respectively. The refrigerant at entry to compressor is in dry 

saturated state. 

1-715 

What are the important properties of lubricants used in IC engines? 
Discuss their significance. 

What are the advantages and disadvantages of the Indirect Injection (D) 
swirl chamber over the open-type Direct Injection (DI) combustion 
chamber in CI engines? 
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(c) 

Calculate the critical pressure and throat area per unit mass flow rate of a 
convergent-divergent nozzle, expanding steam from 10 bar and dry saturated, 
down to atmospheric pressure of 1 bar. Assume that the inlet velocity is 

negligible and that the expansion is isentropic. 
Use Steam tables given at the end to get the steam data. 

The value of isentropic expansion index may be taken as 1·135. 
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