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MECHANICAL ENGINEERING (PAPER-II)

|Time Allowed : Three Hours | |_Ma:-:'_i1£1um Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

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

There are EIGIT questions divided in twno Sections and printed both in HINDI and in ENGLISH,
Candidate has to attempt FIVE guestion= in all.

Question Noz. 1 and B arc compulsory and out of the remaining, THREE are to be attempred choosing
at least ONE question fram 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 Cerlificate 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 olther than the suthorized 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
itgell

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

Attempts of questions shall be counted in chronological order. Unlesa struck off, atternpt of a question
shall be counted even if attempted partly. Any page or porlion of the page left blank in the
Cuestion-cum-Answer Booklet must be clearly struck off. 7
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HI=E—A [ SECTION—A

1. ja) sﬁaﬁmmﬁﬁﬁmﬂmm%mﬁqﬁﬁaﬁﬂmﬁﬁm;

(b)

(c

{d)

(e}

B
ds;(a_@,|
[ xT-’rw

Derive an expression for entropy (S) as given below

A5 = [E'_G]
T TEW

for a closed system undergoing a reversible process,
m&ﬁ%mmmﬂuﬁ#ﬁwﬁhﬁ%@mﬁmmmmmﬁ@m
H O forg W@, 3 7 2@ FA 30 m, 50 mys T 50 bar 31 AR Ew v
1000 kg /m?® &, dl ga za 1 5f w78 W % forg mepel = < o AR

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, caleulate the total ENEergy per unit mass
of this fluid if its density is 1000 kg /m?2.

T AT HEA bl w41 ¥ A §7 Wi e & e, @ s & =it Fi =gty
hifem |

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

ot & fewsiiys Fm 1 smem S 5 % fe T A 5780 K =iefl o i ge
3 woidwl £ e EifE i w wh e s ohs e af

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

U N A et Wit wE ) ol sRenet 6 osifm amal § usies 6 R
el agt # 7 74.6 kJ/ke, 185.4 kJ/kg a9 208.0 ki/kg &) af2 wlas
A FATE 94 30 kg/min §, @ =% F Wi 2@ a4 R s (COP) it e SR

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

2. (o) TomFf % o dom o aams $ aique ¥ SR oome 51 9 fad RS v
¥ # W m = F et g 2
Prove that the cyclic integral of ratio between heat transfer and temperature of
any thermodynamic process is less than or egual to zero.
SF SRS AT 36 2
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UF FOA @5 TEE R R S 154 om a9 wEE 3-2 m E1 10-2 em R
S a4l 4- 8 m elElg arel gEE T 1 5H TEY & e W AeEd fam o 2w wm Tl
Y H 224 m TEE 7 22 °C F ool W 2 Ul $ s 242 kPa T 9@ WA ¥ 93
SITA AT TIE W AE W TS A% el A ol Feifer |

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 waler is air under an absclute pressure cof 2492 kPa,
Determine the total force on the bottom of the larger diameter pipe.

o 7 T F weH WO T 550 m/s o B wEm we # e 120 m/s B o E
alet Pt §1 i ) 5.1 kJ/ kg 7% F1 T F e ) 9fy e & g # @ o B
g Mg g @ 98 ke/min €, o 7FF TR PR

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

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

UF g2 0 A A e v ae % faw vl afed & ofes A gt A wm
H TE aE & WY (v siE & = i) ga wedt ofads i we (awl) msien
Derive an expreasion 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 sheel.

TF AEE Ay ehE] wEw e ¥ T v w) aforfie SR 100 kPa, 27 °C @
500 kPa, 117 °C &% A 917 A9+ &0 & % Fefiss g avfifes it = o 2,
st % A T T @ S A ot ) rfie s # ieda @ s T g af
iwetia weiifen a1 & R amavss A SR ) omr i)

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

ﬁ«ﬁ%ﬁﬁﬁﬂ&‘fﬁmﬁﬁﬂaﬁﬁ,aﬁmcprc=mcp,h 8, Wi fifd fHm—
In a balanced counterflow heat exchanger, where M.Cp o =ty Cp 5, show
that—
(i Tt wh=gz & R AT, = AT, = AT,
ATy = ATy =AT at any section;
(ii) =F e & o mne drege auEmR uE e 2

the temperature profiles of lwo fluids are parallel and linear.
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4. (a) ﬁWimﬁﬁﬂﬁﬁthC =0-5mccpljtnﬁaﬁwﬂaamﬁimmhaﬂm

p .
wam: T, ¢ 70 T, o Thor T, ; 0 Tho % wo # SEEEWl T WRERD wErd FRAT

il

sl = m%wmﬁﬁmqﬁﬁﬁﬂﬁsﬁﬁhmﬁﬁmmwm
Tieo 3 =R T, ; =150°C T.;=30°C T Ty, o =90°C o, @ o9 g ey
Fifa |

In a double-pipe heat exchanger, My Cp n = 05 Ly oo ThE inlet temperatures

of hot and cold fluids are Ty, ; and Teir Determine an expression, in terms of
Ty, i» Te i and T}, o for the ratio of area of counterflow heat exchanger to that of
parallel-flow heat exchangcT, which will give same hot fluid outlet temperature
Tp, o AlsO find out the ratio, if 7y, =150 o, T, =30°C and T, , =907C 25

(b) 100 cm SaTs 25 cmi\:géaﬁrrwan-ﬁﬁah ES“CﬂWﬁngﬁt{%‘fﬁﬂ
[crpﬂs&d}ﬁﬁTWEI@ZﬁPﬁEﬁﬂmq 95°c%|tﬁzﬁr:ﬁ=ﬁmﬁﬂ€ﬂwﬁm
mﬁaﬁﬁmr%ﬁmﬁ-m?ﬁtéﬁé 50 cmmaamwm-@ﬁm o 8 W, W

e & i 1 e S

ﬁ'ﬂﬁﬂﬁﬂaﬁmﬁﬁﬁ:

Nu=u-5gter-pr}“'25 =2 Gr-Prei0’
_0.10 (Gr- Py =R Gr-Pr>10°

arg & g E
p=1-a5kg;m3
r::p=1m4.1,fkg&~:

b =0-020 W /m-K
v=18-97x10"® m? [sec

A hot plate of 100 cm heipht and 25 cm wide 18 exposcd to atmospheric air at
a5 °C, The surface tempr:ratﬁre 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-Po® % if Gr-Pr<10°
_p.10 (@r- Py if Gr-pr=107
‘The properties of air are .
p=1-06 kg,l’ma
c, =1004 J/keK
=0.029 W jm-K

v=18-97x1ﬂ_6mzjsec 15

o SR A 1+ F¥ % 36 4
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fe) mmﬁ?%%%#qﬁmqi.ﬂwmﬁmmmmcmﬁﬁkmi? s #l, m=
aﬁmmﬁwﬁrﬁﬁ%@ﬁ%ﬁcﬁmﬁéﬂmwmwﬁqmmﬁmﬁfﬁ
Do you think that velocity boundary layer and thermal boundary layer depend
on Frandtl number? If yes, explain rroperly. Also explain, with the help of neat
sketches, the significance of relative thickness of velocity boundary luyer and
thermal boundary layer fur the following :
il @@ 9y [ Liguid metals
fii) ¥ [ Qils 10

EUvE—B [ SECTION—B
5. (o) SEwiied % fich fram & Sf-tes aun Fenfvra el ) wTren A g S B

B o T
Explain  Kelvin-Planck and Clausius statements of the second law of
thermodynamics and prove that both the statements are equivalent, 10

(b} siém%ﬁmﬁmmmﬁnmﬁﬁmwuwm%?
How do the following pararmeters influe: we knocking in SI engine combustion?
(] ¥4 1 F=-Yeaa T T9aE
Self-ignition temperature of the fiiel
fit) Tg-FA s
Air-fuel ratio
(iii) svafire 5 A wa
Dilution by residual gas
(iv) dit=erien siafn armg
Shrouded inlet valve
(v} “EEH FE sl
Combustion chamber design 10

(c) qasﬁmﬂﬂ?m?rﬁﬁﬂ"cm%aarﬁmﬁaﬁrimﬁsz m | WTE 9 A 28 0 3
ﬂﬁaﬁtﬁd}aﬁmﬁmﬁwﬁﬁﬁmqégaﬁaﬁﬁg 17 kg € ™ Hifsd—
Hot gases inside a chimney are at 430 °C and the chimney height is 32 metres.
The temperature of outside air js 28 °C, The furnace is supplied with 17 kg of
air per kg of coal burnt, Calculate—
) ¥= 6%, mm ¥

draught in mm of water;

(i) =W 6 g F9E, m

draught height in metres of hot gases, 10
B AT 36 5 [P.T.O,
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(d) 39-19 F (dre do mnjﬁmmﬁaﬁn%?%ﬁﬁmﬁ%ﬁmm—wqm%m*eﬁt

fe]

a. o)

=t A T Jech B gem & www 9 o W@ 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.

el e A Alls oF a weE Fhw: T T, 99EH] W 3H W wuifig 3 F
T > T, 3 % % Siicher vd = sidomd r, aw r, o, T T e kg, o e
s‘l-”fﬁmwﬁa%hmﬁ@ﬂﬁﬁmlmm?mwmﬁqﬁ&w
e i e ife

Inner and outer surfaces of & 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 peneration
within the shell.

TF 4-Ei, 2-fufever deme o & R B ulee o R -
s @EF (91) = 60 cm
fafeve %1 =9\ = 40 om
$34 &1 7R = 250 r.p.m.
g mer 3Rl @@ = 8 bar
s WA TRE = 220 kw
W @9 = 80 kg/hr
St 9T HSS AR = 43000 kJ/ke
SR GG W = 13% awr §9 Fea
=i BWYd = 30 kg/min
¥fid4 =e T = Q0 kg/min
T el & A ¥ afe = 38 C
T ¥fidt & fom v @9 = 45 kg/min
e @@ F aomm # gfg - 23 °C
At H O, = 4.18 kI/kgK
i Aol & Cp = 2-2 kl/kgK
= Adf Cp, = 1-1 kl/kgK
AfGaH SieiarT # O, = 2 kd/keg-K
ST F g I = 2520 ki kg
o e @& TWE = 450 °C
ATRISE TO0H = 27 °C
In a 4-siroke, 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,
Indicated mean effective pressure = 8 bar
Brake power of the engine = 220 kW

SRR AT 36 6
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Fuel consumption = 80 kg/hr
CV of fuel used = 43000 EJ/kg

Hydrogen content in fue] - 13% and remaining is carbon
Air consumption = 30 kg/min

Cooling water circulated = 9g kp/min

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

Rise in temperature of cooling eil = 23 °C

Cp of water = 4.18 kd fkp-K

Cp of cooling vil = 2.2 | Jkg-K

Cp of exhaust gases = 1.1 kd/kg-K

Cp of superheated steam = 2 kJ/kp-K

Latent heat of steamn = 2530 kd/kg

Exhaust gas temperature = 450 ¢

Ambient temperature = 27 °0

e iz Fs ofimt e SR
Find the fallowing quantities Per minute ;

() 3w 5% wRe (BP) § afafly s

Heat converted to useful brake power (BP)
(i) = =5 g o T gy

Heat carried away by cooling water
(i) ¥ a9 gr = o gen

Heat carried away by cooling oil
(@) % =4 A 3 o nf g

Heat carried away by dry exhaust gases
fu) s & s § wgs

Heat carried away by steam formed
(vi) 97 B s

Heat supplied by fuel

ﬁﬂ%&mqtmwyﬁm%ﬂmmmagmm 41 =aTgd |

Draw up also a heat balance shect on minute basis and percentage basis, 4

(b) WU S SI $9H % T S s A w FeaeH (ignition) firg, swew [combustion)
farg, s w, T WA A1 SO WY # gaied
In the pressure crank angle diagram of normal combustion S engine, show the
point of ignition, point of combustion, angle of advance, ignition lag and _
combustion period. 10

A BRL 1 TIF 36 7 [PT.O.
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7. (a) T-s 2@ H weral B, s aa Yo 9 935 7 & S0 5 9% 5 wm Rled oy
Tl I A F oses i sgeT FieE
With the help of T-g diagrams, differentiate between Carnot and Rankine
vapour cycles. State the advantages of Rankine cycle and derive the expression
for its thermal efficiency.

(b) U TS W Wi @ weslt (W) o A wA Wt @1 skl 9w, A aw F e
sremifia T = &, = B anfws ot Frie 23 40 bar @91 400 °C (R =3215-7 kJ/kg
91 5, =6- 713 kJ/keg-K) T4 40 °C % ooy ammm W =0 =1 @ &) 5l % 0.2 bar
o HeEA A Pl Fe A 9% # sw & ama B 9 e wAE F E fom age w3 med
AT ¥ Wl 10 bar W UgW M9 % ®9 ¥ W Bt #) wf ged o o om0 & R
ufiERg TR F A @ 56 TRl TE i am e R

e T aun A % o # -

p T wded (kJkg) | wih (kJ/kg-K) | ffir e m® ke
(bar) | (°C)
hf- hg 5p g v Vg
10 515-5 | 72-23 363 | 0.1478 | 0.5167 | go.5%10°6 | 0.0333
el
0.2 | 277-3| 38.35 | 336.55 | 0.0967 | 0-6385 | 77 4 107° | 1-163
Ei) 0.074 40 167-5 2574.4 | 0.572 5. 253 0- 001 19- 546

A combined cycle power planl uperales wilh mercury and steaan cycles,
Mercury cycle is superimposed over the steam cycle operating bebtween
boiler outlet condition of 40 bar and 400°*C [h=3215-7 kJ/kg and
= 6713 kJ/kg-K) and condenser tempersture 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
salursted vapour sl 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 steam are :

F T Enthalpy (kIfkg) | Bntropy (kJ/ke-K) Sp. vol. (m* [kg)
(b} " e

By ) 39 vy g

1w | 5155 w23 363 0-1478 | 0-5167 | pg. sx10® | 0-0333
Mercury
0.2 |[277-3| 38.35 | 336-55 | 0- 0967 | 0-6385 | 77.4%107° 1-163
Sterrne | O- 074 40 | 167.-5 | 2574-4 | 0572 8- 258 | 0-001 19- 546
- O SRS A AT 36 8
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15°C DET w1 80% uifirs S A 100 m? Y sl R @ ww @ o0g 0
TE B a8 v R 15 0 G 22°C W SeEm H Wl mm g 0-017 bar
7 0.02645 bar‘éwrgaﬁ;rﬁﬁh—r:ﬂmmaw#rm#ﬁﬁ SRS T
=1-013 bar =i

100 m? of air per minute at 15°C DBT and 80% relatiye humidity is sensibly
heated until jtg lemperature becomes 22°*C. Saturation pressures of waler
vapour at 15 *C and 3o °C are 0-017 bar and 0. 02645 bar respectively. Fing
heat added to air PEr minute. Take aimospheric pressure - 1:013 bar.

# e g @ v 1pg “g/min 21 @lien wr s % fm 3 pv'? = fegjs,

temperature of air entering the Compressor is 7 °C and the temperature of air
before entering into the eipander iz 27 o0 Assuming 309 more power is
required than theoretical, fing (i actual Cop gf the cycle and fiE) Lw caparcity
Tequired to run the CoOmpressor,

The qQuantity of ajr circulated in the system is 100 kg/min. The compression
and  expansion follow the Jag prd = constant, Take T=1-4 and

Cp =1kd/kg-*C for air.

* ook &

a5

25

SRR g FEELY 6

9 BS4- 300
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