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MECHANICAL ENGINEERING (PAPER-II)

Time Allowed : Three Hours _ : Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and in ENGLISH.
Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the rernalnmg, 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.

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 medium other than the authorized one.

Wherever any assumptions are made for answering a question, they must be clearly iﬁdicated
Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the question
itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meaning.

Attempts of questions shall be counted in chronological 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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1. (a)

(b)

()

(d)

(e)

2. (a)

©TUs—A / SECTION—A

et 3w A Feb & TR (S) % Ry i s 6 st R
(30
as=(F)

Derive an expression for entropy (S) as given below

as-(29)
T rev

for a closed system undergoing a reversible process.

rev

aﬁﬁ%aﬁaﬁwamsﬂ%%ﬁﬁmﬁﬁ%ﬁaﬁwﬁmﬁwwwwaﬁ@ﬁ

* T forg W P, I w0 @ FA: 30 m, 50 m/s 9o 50 bar 3| AR 86 wa
1000 kg /m® &, @ 38 59 & wf 35 wen F Rore vyt s A I DR

Write Bernoulli’s equation and the conditions for which it is valid. If a fluid °

obeying Bernoulli’s equation has elevation, velocity and pressure at a point as
30 m, 50 m/s and 50 bar respectively, calculate the total energy per unit mass
of this fluid if its density is 1000 kg / m?3, '

TGS W HRE WA B T 4 Bl §7 Ar wen & faf, <ol O o 5 il ety
HIfSr | : '

What is the effect of Mach number on the compressibility? Derive an
expression for pressure coefficient in terms of Mach number.

= % e fem ) s AR gd @ fad e @ 5780 K aTeft S wma gu
38 TR e AR e W oseh Saght seas wfe sl dn)

Explain Wien’s displacement law. Assuming sun to be a blackbody with a
constant surface temperature of 5780 K, calculate the wavelength at which it
will have the maximum spectral emissive power.

T e ard wefie wefted s o) fafie wfeaedt o sifi qmedt # wefias € iR
e wgd W # 74.6 kJ/ke, 185-4 kJ/kg 91 208-0 kJ/kg 2| 9 ysfigs
W 9918 € 30 kg/min &, <l =15 % Wit =4 qo1 Aeared % (COP) i o ik |

In a standard vapour compression refrigeration cycle, the'speciﬁc enthalpies of
refrigerant at the end states of different processes in ascending order are
74-6 kJ/kg, 185-4 kJ/kg and 2080 kJ/kg. If the mass flow rate of refrigerant
is 30 kg/min, calculate power consumption and COP of the cycle.

%W%mmw_w%w%aﬁﬁwaﬂmmmm
%Y ¥ o I F au A 2

Prove that the cyclic integral of ratio between heat transfer and temperature of
any thermodynamic process is less than or equal to zero.
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(b)

(c)

. (@)

(b)

(c)

Th SN @2 UEY 61 3N o™ 15-4 cm a1 @& 3-2 m 21 10-2 cm 3=l
S A1 4 - 8 m T a1 GO 9159 1 39 U139 % Rt W dved o man §1 w0 = ae
qIgd # 224 m TEUE T 22 °C H IH WU ¥ I 6 FW 242 kPa 9 g WA B 92
S I 9159 I dell W 98 9l Fol 9@ bl FeRferd |

A pipe having 15-4 cm inside diameter and 3-2 m length stands vertically.
Another pipe having 102 cm inside diameter and 4- 8 m length is welded on
top of this pipe. Water at 22 °C fills the smaller diameter pipe to a depth of
2-24 m. Above the water is air under an absolute pressure of 242 kPa.
Determine the total force on the bottom of the larger diameter pipe.

TF 1 A & Has W™ W 550 m/s B fd A v&w Rt & q9r 120 m/s h e @
et Trenerdt €1 Tl 1 5.1 kJ/kg 7 1 AT s T R giE werhl % 9w § @ St 2
Ifd 9 ya® «® 98 kg/min &, @ wiit 3cared Fefer )

"Hot gases enter the blades of a gas turbine with a velocity of 550 m/s and leave

with a velocity of 120 m/s. There is an increase in the enthalpy of the gases in
the blade passages to the extent of 5-1 kJ/kg. The rate of gas flow is
98 kg/min. Determine the power produced.

T g8 H T 9 atfrers yam@ @ % o widt afeds % e ) sty SR wEw &
94 HTE HEA % WY (TH SRE % ®9 H) 39 G uRedy ) vafr (3uhi) qmien
Derive an expression for entropy change across a normal shock wave occurring
in a nozzle. Show the trend of this entropy change (in the form of a diagram),
with respect to the Mach number value before the shock.

Th G A1 Auflad! wae Fom % g s @ afenfe HifE 100 kPa, 27 °C @
500 kPa, 117 °C T dIgAYSH d1g SUREdHE &9 ¥ T wrfigs gl gafifeq &1 s @ 2,
ﬁ%mwmﬁaﬁﬁw%lvﬁamﬁv&aﬁqaﬁmm@,ﬁ
Teretom wrdfifed arg % fo atavas ~man w@ # e S

Define availability of a closed and steady-flow system. Atmospheric air is
compressed steadily from 100 kPa, 27 °C to 500 kPa, 117 °C, by a compressor
that is cooled only by atmospheric air. Neglecting kinetic energy changes,
determine the minimum work required per kg of air compressed.

o T sfiart s T 8, s\l m,Cp, o =, C, p #, Wliia BRE R
In a balanced counterflow heat exchanger, where mCC
that—

() Tt aft=dg & fIC AT, = AT, = AT;
AT, = AT, = AT at any section;
(ii) <HI Tl F Y TEH NEEE AR 1§ WA §)

the temperature profiles of two fluids are parallel and linear.

p,c = mhcp,h, show
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4. (a) @ﬁqﬁwmﬁﬁqﬁﬁ 1, Cp h =0-5mccp,c%mﬁ o St el o A T
wH: T O TR Ty T TR Th o = ¥ wRoEE e e wardl I
FrfmEs & M%Wmmmaﬁrﬁﬁa‘cﬁsﬁﬁﬁqmnﬁaﬁwww

T, o 31 A% Th,i ~150°C, T, ; =30°C @0 T, o =90°C 3, @ 3@ AgId 1 T
S| |

In a double-pipe heat exchanger, M Cp n = 0-5mCp, ¢ The inlet temperatures
of hot and cold fluids are T, ; and T i Determine an expression, in terms of
Th,i» To, i and T}, o for the ratio of area of counterflow heat exchanger to that of

parallel-flow heat exchanger, which will give same hot fluid outlet temperature
Ty, o- AlsSO find out the ratio, i, = 150°C, T i =30°C and Ty 0 -g0°C. 29

(b) 100 cm S8 a9 25 cm%ﬁ@éﬂﬁf@ﬁﬁt@tﬁ 25°ca1t«ﬁa1§qv€%ﬁﬂar§ﬁmﬁa
(exposed)ﬁmwﬁlﬁﬁﬂﬁ%ﬁﬁw95°C%lt@2ﬁﬁﬂﬂ‘§@i€ﬁaﬁﬁm
aﬁﬁﬁw@wﬁc@zﬁéa@ 50 cmﬂﬂ'ﬁﬁﬂﬂ%‘vﬁ%’fﬁwé@ om &G ¥, A

mmﬁﬁqﬁaﬁqﬁm@%ﬁi
ﬁﬂlwiﬁm:{q?ﬁ’laﬁﬁﬁ:

Nu=0-59 @Gr- Py % 2° =k Gr Pr<10°
~0.10 (Gr-P® 3 Ak Gr-Pr>10°

mg%gﬂmﬁ B
p=1-06kg/m3
Cp=1004J/kg-K
k=0-020W /mK
v=18-97x107° m? /sec

A hot plate of 100 cm height and 25 cm wide is exposed to atmospheric air at
25 °C. The surface temp.eratlire of the plate is g5 °C. Find the heat loss from
“both the surfaces of the plate. Also find the change in heat loss if the height of
the plate is reduced to 50 cm and the width is increased to 40 cm.

Use the following relations :

Nu=0-59(Gr-Pr)0'25 i Gr-Pr<10°
_0.10 (Gr-Pn® % if Gr.Pr>10°

The prope;‘ties'of air are :
p=1-06kg/m3
c, =1004 J /kgK
. =0-029 W / m-K
y—18.97 x107 ¢ m? /sec | 15
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(c)

(@)

(b)

(c)

wm@aﬁ%%%ﬁmmwmmwmwmﬁsﬁmﬁ?aﬁﬁ,w
ﬁwﬁwﬁtw@ﬁﬁﬁm@%ﬁmww@%waﬁﬁw
e Y arfea B Fe ¥ R wreme

Do you think that velocity boundary. layer‘ and thermal boundary layer depend
on Prandtl number? If yes, explain properly. Also explain, with the help of neat
sketches, the significance of relative thickness of velocity boundary layer and
thermal boundary layer for the following :

() & ug / Liquid metals
(@) 9« / Oils | 10

TUS—B / SECTION—B

Explain Kelvin-Planck and Clausius statements of the second law of
thermodynamics and prove that both the statements are equivalent. 10

SIW%Wﬁmmmﬁmmﬁwwmam%?

How do the following parameters influence knocking in SI engine combustion?
() 399 1 E-TSaeM qaae
Self-ignition temperature of the fuel
(i) 9G-FEH U
Air-fuel ratio
(iii) EfE | aga
Dilution by residual gas
(iv) die=sIieq ity areg
Shrouded inlet valve
(v) <= ®Y 3firmey

Combustion chamber design 10

@%ﬁﬁwﬁﬁ%mcw%wﬁnﬁaﬁ“mﬁaz m g | SR A0 H AOHA 28 °C 2|
ﬂsﬁﬁﬁvﬁmﬁwﬁa@wﬁwqﬁ@ﬁa@f%@ 17 kg 31 T FiR—

Hot gases inside a chimney are at 430 °C and the chimney height is 32 metres.
The temperature of outside air is 28 °C. The furnace is supplied with 17 kg of
air per kg of coal burnt, Calculate—

() ¥ ¥, mm #;
draught in mm of water;
(i) @ G A v I, m )
draught height in metres of hot gases. . 10
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(d) 39-99 T (sfto Ho Tho) =l A1 wrfehal &7 T a0 Fueeh & forw 39-99 1o % e A

(e)

S FIR| W Fosel i agar & =iww F N 3@ B0

What is the significance of by-pass factor? For a heating coil, derive an
expression of by-pass factor. Find the expression for efficiency also for heating
coil, _ _ ,

T Tl e A il o ST W I T e T, qU9Hl | 39 a® g § 5
T > T, . A e & AR T a1l e 1, a9 7, A, T FWT =AwAT k&Y, d wag §
ﬁmﬁmwﬁa%ﬁ%ﬁ%aﬁﬁ%w@mawmﬁwm
IEAMEH 6t FHed1 hHifor | :

Inner and outer surfaces of a spherical shell are maintained at temperatures
T; and T, respectively such that T; > T,. If inner and outer radii of the shell are
r; and r, and its conductivity is k, derive an expression for the rate of heat
conduction through the shell. Assume steady state and no heat generation
within the shell. '

6. (a) TF 4-Tr, 2—%@%?&3%@%%%%&1@:

=7 €% - (91) = 60 cm
Tafevet =1 s = 40 cm
59 &I T = 250 r.p.m.
Hiod w1 gt g = 8 bar
H B AF WRE = 220 kW
%99 6 @Id = 80 kg/hr
gt 89 W ST AF = 43000 kJ/kg
SO 1 BRGSH AW = 13% a9l Y FHEa
- 9 @9d = 30 kg/min
M 91 @&RT = 90 kg/min
e St F qoe # gfg = 38 °C
e fier % oy v 3 = 45 kg/min
e 9@ & qomE F gfy = 23 °C
S C, = 4-18 kJ/kg-K
A o i C, = 2.2 kJ/kg K
WA A Cp, = 141 kJ/kg K
Ay STefemy Cp = 2 kd/kg-K
SIEETT 6 W FS = 2520 kJ/ ke
T T W AHA = 450 °C
TIASHE TUHE = 27 °C
In a 4-stroke, 2-cylinder diesel engine, the following data was collected :
Piston stroke = 60 cm
Diameter of the cylinder = 40 cm
Speed of the engine = 250 r.p.m.
Indicated mean effective pressure = 8 bar
Brake power'of the engine = 220 kW

A HRS H NTFZ[36 6
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Fuel consumption = 80 kg/hr
CV of fuel used = 43000 kJ/kg

Hydrogen content in fuel = 13% and reinaining is carbon
Alr consumption = 30 kg/min

Cooling water circulated = 90 kg/min

Rise in temperature of cooling water = 38 °C
Piston cooling oil used = 45 kg/min

Rise in temperature of cooling oil = 23 °C

C, of water = 4.18 kJ /kg-K

Cp of cooling o0il = 2.2 kJ /kg-K

of exhaust gases = 1.1 kJ/kg-K

of superheated steam = 2 kJ /kg-K

Latent heat of steam = 2520 kJ/kg

Exhaust gas temperature = 450 :

Ambient temperature = 27 e

o fire fe afet oo SR

Find the following quantities per minute :
-(i} I S Wfts (BP) # qRafiy s

Heat converted to useful brake power (BP)
(@) e 5@ 5R A T sy

Heat carried away by cooling water
(iii) e = gy &ft T wey

Heat carried away by cooling oil
(iv) T W=7 M6 3R ot 8 s

Heat carried away by dry exhaust gases
(v) ST % fre § wy g

Heat carried away by steam formed
(vi) 399 3T Huf| sy

Heat supplied by fuel

W%wwwﬁm%mmmﬁ@mwﬁmr

Draw up also a heat balance sheet on minute basis and percentage basis. 40

(b} HTERET S9e SI $5H & T $ aop A W Ysael (ignition) forg, Sqem (combustion)
g, swrar @, SV TR A S SEi Y qyiEy |

In the pressure crank angle diagram of normal combustion SI engine, show the
point of ignition, point of combustion, angle of advance, ignition lag and
‘combustion period. 10

T BRE M NFTFH 36 7 | (E-T.0.



7.

(@)

(b)

T-s 3@ & el ¥, FH1 a2l U=+ a9 96! 4 9 il W =% & g fafgd qo
T S I % S hl Ty It |

With the help of T-s diagrams, differentiate between Carnot and Rankine
vapour cycles. State the advantages of Rankine cycle and derive the expression
for its thermal efficiency.

T TYh o6 Y T3 WORT (YRT) 99T 9IS SRl W UG 8| B 98, 9T 9% % S0
Fearifya fora 8, <0 f6 e <t frfw @M 40 bar @@ 400 °C (R =3215-7 kJ/kg
A s, =6-713 kJ/kg-K) T 40 °C % FoF THH T @1 21 WHG % 0-2 bar
I ¥ T S a1 T d Sl % a0 3G W S EE B % T wges adl &1 e
@ # Wt 10 bar W GgW 919 & €9 § UM B ¥ Wl g gt i oaen % fag
gig=lid ol & g ot 30 fEenutd = il gaar &t o il

QW ATH{ a1 9T 6 TOe §

P T Tt (kJ/kg) wzidt (kI /kg-K) | fafe sme (m® [ kg)
(bar) | (°C) ‘

he hy sf Sg vr Vg

10 515-5 | 72-23 363 01478 | 0-5167 | 80.5%x10°© 0-0333

0-2 |277-3| 38-35 | 336-55|0-0967 | 0-6385 | 77.4x10°® | 1-163

4 0-074 40 167-5 | 2574-4 | 0-572 8.258 [ 0-001 19. 546

A combined cycle power plant operates with mercury and steam cycles.
Mercury cycle is superimposed over the steam cycle operating between
boiler outlet condition of 40 bar and 400°C (h=3215-7 kJ/kg and
Sq =6-713 kJ / kg-K) and condenser temperature of 40 °C. The heat released

by mercury condensing at 0-2 bar is used to impart the latent heat of

vaporization to the water in steam cycle. Mercury turbine receives mercury as
saturated vapour at 10 bar. Calculate the mass of mercury circulated per unit
mass of water and the efficiency of this binary cycle.

Properties of saturated mercury and steéam are :

p T Enthalpy (kJ/kg) | Entropy (kJ/kg-K) Sp. vol. (m*> /kg)
(bar) (°C)
hy hg =f Sg by Vg
10 51545 | 7223 363 0-1478 | 0-5167 | g0-5x10°© | 0-0333
Mercury
0.2 |277-3| 38.35 | 336-55| 0-0967 | 0-6385 | 77.4x107° 1.163
Steam | 0-074 40 167-5 | 2574-4 | 0-572 8.258 0-001 19-546
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8. (@) 15°C DBT 7w 8oy HfEE A R 100 3 I WG B g3 ww @ o o

BELIERC R Y 15°cam22°cmﬁww$rﬁqmaam:o-017bar
@& 0-02645 bar%la@ﬁn%fﬁqzam%awﬁwﬁma%a:waw
=1-013 bar fify3

(b) @mm&ﬁ%wﬂﬁma@wﬁaa;so tonssmﬁﬁqmwélmﬁmsﬁ

The quantity of ajr circulated in the System is 100 kg/min. The compression
and expansion follow the Jaw pvtsd < constant. Take Y=1-4 and

Cp =1kJ/kg-°C for air, . 25

* ok &
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