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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 remaining, 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 indicated.
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. i

A BRL M NTF] 36 1 | B-T.O.



1. (a)

(b)

()

(d)

(e)

2. (a)

ETus—A |/ SECTION—A

yRad e At we Fem § TR (S) % R Aim o @ sget fiRd

=(F)..

Derive an expression for entropy (S) as given below

(%)
T rev

for a closed system undergoing a reversible process.
aﬁ%uﬁwamméuﬁﬁﬁﬁ%@iaﬁmmwwm@ﬁ
% wh fog W gmar, 99 a1 g« %A 30 m, 50 m/s U1 50 bar 21 3Rk @ wME
1000 kg /m?® @, @ 3@ 59 &1 wfa 3 "o & fow gogpt =t $i o fifvd

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?>.

rfiEsrdr W ATE WA 1 R Y9G Bl 87 HiE ge § e, @ e & e il gt
i |

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

d & T e 6t e iR | g =1 Fa gag aore 5780 K arell Sioh AFd gY
30 resd & o iR e W geh S s uit Aftean gefl

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 wmifirs ama gefted wefiaa = & fafte wfeanett A sifan e 7 wies 6 faRe
vl ded 9 # 746 kJ/kg, 185-4 kJ/kg a¥1 208-0 kJ/kg g1 afc wufias
HET Y418 € 30 kg/min &, @ 9% & ¥kt =99 a1 e ons (COP) &t wor Sifsd |

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 208 - 0 kJ/kg. If the mass flow rate of refrigerant
is 30 kg/min, calculate power consumption and COP of the cycle.

ﬁﬁﬁﬁﬁﬁ;mmw_maﬁwﬁaaﬁﬁmmmmmm
T I A A A YA F e Ear R

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) UH HeAlew @S UGy &l A=E AW 15-4 cm q9 @=E 3-2 m 81 102 cm H=i®

(c)

(@)

(b)

(c)

T qUT 4- 8 m TS It GOt U139 T 36 U159 & ¥R W o fen mn 2| @ = a9
IET & 224 m TEE @@ 22 °C H IH 70 2| Ot % FW 242 kPa WH @ W 91 2| |99
M 9 1E9 Sl qell WIS 9Tl $id 9a @l e |

A pipe having 15-4 cm inside diameter and 32 m length stands vertically.
Another pipe having 10-2 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.

wF 1 T ¥ wem ™ 44 550 m/s f R F T3 s a0 120 m/s 6 i @
TR frperet €1 W #1501 kJ/kg T i 91 Al T 1 g Bowl & 99 § B A 2
Ifg Mg ¥R & 98 kg/min B, @ Wik Icame Femfed |

'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.

TF g8 A B A erE wuE an & g gl aieds & e fi gt Fid | wea &
U4 ATE & & 919 (T IR@ & 9 §) W Tl uiedd 6 ygi (3wfa) amisd
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.

T erg q SfEdt e Frem % ey @ afenfia AR@1 100 kPa, 27 °C @
500 kPa, 117 °C de digavedly arg ufad-a &9 & uF gefiss g ardifsa it s @ 2,
S % agrveell o 37 @ 3 A st 2| fow s # gfedd @ e A ge, ufd
forctam wedifea arg & fom smaws =mam & 6 o Hifvd )

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 wegfera shomr s i #, swl m,Cp, o =, Cp p #, Teltia AR R
In a balanced counterflow heat exchanger, where m,C, . =my, Cp n»> show
that—

(i) Toelt aR=se & foq AT, = AT, = AT;
ATy = AT, = AT at any section;
(i) S el & O e NEEE FHERR W @y #)

the temperature profiles of two fluids are parallel and linear.
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4. (a) Uk Tl o fafwa® 4 my, C, 5, =0-5m.C), , &1 T R sfiae atell 1 FeiH a9am
T T, 9 TR T, Ty @ T, , % B9 H AER qun @R YEE S
fafmesl & &aeal & gud &1 e 7 Hied S 376 i w ™ w@ 1 ewe auEe
T, , &1 af% T ; =150°C, T, ; =30°C @1 T}, , =90°C &, dt 39 FFAW S T
I |

In a double-pipe heat exchanger, m,, Cpn=0- 5m.C,, .. The inlet temperatures
of hot and cold fluids are T;, ; and T, ;. Determine an expression, in terms of
Ty i» T, and T, ,, 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 Also find out the ratio, if 7j, ; =150°C, T, ; =30°C and T;, , =90°C. 25

(b)) 100 cm J=TE @41 25 cm SISE FH Th a6 < H 25 °C It IGAvSHE 91g & IsIed
(exposed) FFm T | Wi S Wag F AOAE 95 °C B w2 FI THT Faal @ B dTell S
Tl =t Fefad | aft @z 6t 396 50 om 921 < 9 qur TR 9 40 om W& SH, @
Foq g § ufads e fifsE

= gl # s fike

Nu=0-59 (Gr-Pn%? af Gr-Pr<10°
=0-10 (Gr-PY®33 =l Gr.-Pr>10°

g & e T
p=1-06 kg /m?3
C, =1004 J /kg-K
k=0-029 W /m-K
v=18-97x10" % m? /sec

A hot plate of 100 cm height and 25 cm wide is exposed to atmospheric air at
25 °C. The surface temperature of the plate is 95 °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-P9%25 if Gr-Pr<10°
=0-10 (Gr-Pn®3® if Gr.-Pr>10°
The properties of air are :
p=1-06 kg/m3
Cp, =1004 J /kg-K
k=0-029 W /m-K
v=18-97 x10~ ® m? /sec 15
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(c) 1 W By & 6 3 dm wd qon Sl i wa wige e | el wa 87 9 e, @
P =9 @ gy | wee WatEt B geEar 9 9 dim e a s dian wa f amifies

Aerd 6 aefea = e F o amersd

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 :

(i) @« u1g / Liquid metals
(ii) %la / Oils | 149
Wus—B / SECTION—B

5. (@) SRR ¥ R o ¥ HRE-<E qu Ferie w6 smen SR an fig AR B

2t Fyd waEEE §
Explain Kelvin-Planck and Clausius statements of the second law of
thermodynamics and prove that both the statements are equivalent. 10

(b) SI I9H F oo # JTEHIA W = gl w1 w1 qWE g 27

How do the following parameters influence knocking in SI engine combustion?
(i) S99 F E-YsgeH d9HH
Self-ignition temperature of the fuel
(ii) ag-$a4 g
Air-fuel ratio
(iii) 3rafite T i agar
Dilution by residual gas
(iv) uic=Ifed @ acd
Shrouded inlet valve
(v) ST HIE Afrwe
Combustion chamber design 10

(c) uw Tamft & aw 7 430 °C W & won fowrlt Y S 32 m | ST 9y w0 ateRE 28 °C B
g ® WSl I At A wfa R S ge e 39 17 kg 31 oM HifE—

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—

() & Y&, mm #;

draught in mm of water;
(i) @@ TG H yaw I9E, m F|
draught height in metres of hot gases. : 10
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(d) 39-9F Ui (sfto Fo Tho) 1 T Tofha 27 Th AW Fueelt & 1w 3u-u Uik & =ik Al
geaf | au Fvech A e & v F f @ AR
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. ‘ 10
(e) UF Tielg wa= 1 3fai® T 9@ gae FA: 7, a9 7, A9HEl W 39 e gaia €
T, > T, . (< a9 & AN T4 aTa TS r; 91 r, &, 91 S Feihdl k 8, @ sad §
gﬁaﬁmwﬁm%%&m@wﬁaﬁﬁ%mﬂwawmﬁsﬁm
IEqTE i HeqT HINH |
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. 10

6. (a) & 4-VIw, 2-fafcvet Swia §om & fore Fmr atfere waba fomem
fre? &% - (@) = 60 cm
fafevst =1 =@ = 40 cm
M @I g = 250 r.p.m.
gfua mreg ywreh @ = 8 bar
5 H §F e = 220 kW
3o il @Ud = 80 kg/hr
W U 1 ST 9 = 43000 kJ/kg
399 HT TR AW = 13% qU1 WY FTeA
g @9d = 30 kg/min
¥ffd @ €99 = 90 kg/min
Yt s« & d9WH # gfg = 38 °C
foeeq offaq & T 99w o« = 45 kg/min
e 3@ & amEm § gfg = 23 °C
s # C, = 4-18 kJ/kg-K
et 9 1 C, = 2-2 kJ/kg-K
e i # C, = 11 kJ/kg-K
fferew SerEmd Hi C, = 2 kJ/kg-K
S@dreg & 6 1 = 2520 kJ/kg
I W H® AHE = 450 °C
FYAEA™ d9HE = 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
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Fuel consumption = 80 kg/hr

CV of fuel used = 43000 kJ/kg

Hydrogen content in fuel = 13% and remaining is carbon
Air 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

C, of cooling oil = 2.2 kJ/kg-K

C, of exhaust gases = 1-1 kJ/kg-K

C, of superheated steam = 2 kJ /kg-K
Latent heat of steam = 2520 kJ/kg
Exhaust gas temperature = 450 °C

Ambient temperature = 27 °C

wfa fimz fm aftw i e iy

Find the following quantities per minute :
(i) IwEnt s% wie (BP) # uitafda s
Heat converted to useful brake power (BP)
(ii) e s g < T e
Heat carried away by éooling water
(iii) Sfaa o« gRr ot 1§ S
Heat carried away by cooling oil
(iv) & =7 et g ot 7 e
Heat carried away by dry exhaust gases
(v) SoEr % foEa & W e
Heat carried away by steam formed
(vi) SO U GUNG ST
| Heat supplied by fuel

fire & emuR W aun wfderd & MR 9T ST Gged 9 oft SR |

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

(b) ErERE saeH SI 99 % 3@ e iV ARG W Y@ (ignition) g, S9@7 (combustion)
farg, omal Fiv, YsaeH TEAT 99 Sao Sy @l quigd |

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
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7.

(@)

(b)

T-s AM@ & GgEa ¥, FME1 a1 = a7 =6t 4 97 Hifsd | W o & @ fafed o
Ul S Q&I % i 6l A Ao |

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.

TS UYH b YRh TIF WU (IRT) G A wshl W MHiid 2| e 986, 919 9% % W
Fearifya foran mn 8, 0 f6 anfeis <t frfw @ 40 bar @91 400 °C (R =3215-7 kJ/kg
A s, =6-713 kJ/kg-K) T 40 °C F FoHH THH T i = @1 21 WHG % 0-2 bar
I F e S a1 s d Sl % a0 3G W S EE S % foT wge ddl & 1wt
@5 # Gt 10 bar W HQH 99 & &9 7 WH et 21 fa geE aeit & wen % fow
gig=lia ol & g aon 3u fEenadt = it gsar &t o il

QW TR a9r a7 o quied §

P f gl (kJ/kg) werdt (kJ /kg-K) fifire s (m° [ kg)
(bar) (°C) :

hf hg Sf Sg Uf Ug

10 515-5| 72-23 363 0.1478 | 0-5167 | 80.5x10°¢ | 0-0333

0-2 |277-3| 38-35 | 336-55|0-0967 | 0-6385 | 77.4% 10 | 1-163

e 0074 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 stéam are :

P T | Enthalpy (kJ/kg) | Entropy (kJ/kg-K) Sp. vol. (m® /kg)
(bar) (°C)
hf hg Sf Sg vy Ug
10 515-5| 72-23 363 0-1478 | 0-5167 | 80-5x10©® | 0-0333
Mercury
0.2 |277-3| 38.35 | 336-55| 0-0967 | 0-6385 | 77.4x10°° 1-163
Steam | 0-074 40 167-5 | 2574-4 | 0-572 8- 258 0.001 19-546
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8.

(@)

(b)

15°C DBT @91 80% @nféd amar € 100 m® oy wfd fiFe @3w w1 & 22°C

T B @ T @ W@ 1 15 °C qY1 22 °C W FelaTd % €y g FAE: 0-017 bar
A1 0-02645 bar g1 917 &I it fire & w1 areht son =it 3@ FivD | agEveda @@
=1-013 bar i3]

100 m? of air per minute at 15 °C DBT and 80% relative humidity is sensibly
heated until its temperature becomes 22 °C. Saturation pressures of water
vapour at 15 °C and 22 °C are 0-017 bar and 0-02645 bar respectively. Find
heat added to air per minute. Take atmospheric pressure =1-013 bar.

TR YeE % wueno ¥ ugw 9y Weias 50 tons WIfiad WeW wtal 8| gefies # wiaE @9
et a1 H A9EH 7 °C ? 7° TWIRA § YW €F & 9d 9 & aeEE 27 °C #1 dsrfas
FEEHA ¥ 30% At Wit hit avaHar H Hod Fd gL G IS (i) TH FH AASH
frsareT prs (COP) 2R (i) @fies & 9 ¥ kW & &mar|

i # yaifa 9g =1 afEm 100 kg/min 1 @xfteq qur varw & fam € pold = o,

y=1-4 sif@ qon a1y & faw ¢, =1 kJ/kg-°C

An air refrigerator used for food storage provides 50 tons of refrigeration. The
temperature of air entering the compressor is 7 °C and the temperature of air
before entering into the expander is 27 °C. Assuming 30% more power is
required than theoretical, find (i) actual COP of the cycle and (ii) kW capacity
required to run the compressor.

The quantity of air circulated in the system is 100 kg/min. The compression

and expansion follow the law pv1'3 =constant. Take y=1-4 and
C, =1kJ/kg-°C for air.

* & &

25

25
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