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MECHANICAL ENGINEERING
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Instructions :

* The figures in the margin indicate full marks.
* Answer six (06) questions in all, selecting three (03) from

each Section.
e If any data is considered insufficient, assume suitable value.

e Use of log tables, statistical tables and calculator is permitted

in the examination.
e Use of steam tables, refrigeration tables, Mollier chart and

psychrometric chart is permitted in the examination.
e Candidates are required to give their answers in their own

words as far as practicable. . _
e All questions have been printed both in English and Hindi.
In case of any ambiguity in Hindi version, the English version

shall be considered authentic.
e Parts of the same question must be answered together and
must not be interposed between answers to other questions.
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(2) i

SECTION—I
@us—I

(b) Determine the force P required to keep
the two rods in equilibrium when the
angle 6 = 30° and weight W is 50 N. The
rods are each of length L and ‘of
negligible weight. They can move only in

the plane of figure.
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\/LG} Explain the tabulation 1.'neth0d for
analyzing epicyclic gear train.
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2. (a) What are the limitations of the Hooke’s
joint? How are these limitations
overcome in double Hooke’s joint?
Which conditions must be fulfilled by a
double Hooke’s joint for this purpose? 25

(b) A steam turbine, mounted in a boat
makes 3000 r.p.m. The effective
moment of inertia of the rotor, shaft and
propeller is 47-25kg-m?. Find the
magnitude and the direction of couple
acting on the hull when the boat makes
a circular path, making a complete turn
in 17 seconds. 25-

(%) TH Sig< %t WA 1 §7 97 g wige §
Himistt 1 8 R R ST 27 39 1w ¥ R
TFA §F g2 T T w@l @ g e s
TTfen?

(@) T 7@ 4 wfiq T 919 @R 3000 r.p.m.
T 2l VX, T 3N TR F SR RS
SIS~ (effective moment of inertia)
4725 kg-m? B 9§ 99 TF MAHR 99 |
weAdl 8, @ 17 ¥hee § gl 9t R ¥ <
9qeR (hull) | &M 9@ 96 (couple)
g R fewm 3

3. (a) Derive the formula for the length of the
path of contact for two meshing spur
gears having involute profile. 25
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i -~ulars relate to a
following particu :
o z}lllrfr:lmetrical tangent cam having a roller

minimum radius  of
{iléozgn = 40 mm,; lift' = 20 mr_n; :peef%
= 360 r.p.m.; roller diameter = 44 mimn;
angle of ascent = 60°.
| Calculate the acceleration of follower .at
| the beginning of the lift. Also find its
value when the roller just touches the
nose and is at the apex of the circular

nose.

(%) @I (involute) TFEe % @ 4 JE §C
(meshing)wﬁma%ﬁﬁ%m%ﬁémé%
T @@y R |

(@) Fm ferw Jer Erht BN a9 gai e
%%Wﬁﬁ%:%ﬂﬁ?ﬁﬁﬂﬁw=40 mm,;
e = 20 mm; 7fd = 360 r.p.m.; IR
IqE = 44 mm;ﬂ%‘l‘s‘ﬁw= 60°.

e i YRt | STgARl o T hl AT
30 "M &l ofl g4, 9 Uk 16 A Rab s ®
3R FHeR T F ;Y W B B

. (a) A compound bar is made of a central
| \/ steel plate 60 mm wide and 10 mm
thick to .which copper plates 40 mm
wide by 5 mm thick are connected
rigidly on each side. The length of the
bar at normal temperature is 1 m. If the
temperature is raised by 80 °C,

determine the stresses in each metal
and change in length. 25

25
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b) Differentiate electrodischarge machin-
ing and electrochemical machining. 25

(%) T A 9R F=E G w2, 60 mm St
3R 10 mm #e, § 51 B &, Rt @iy A
w2, 40 mm IR I 5 mm W, TEF T
F3R T A FH At &) T qUEE | IR B
1S 1 m 21 AR a9 80 °C de T@mET ST
8, @y urg F E SR e # e

- Tyifa =t |

(@) W@Wﬁ@ﬁﬁﬁaﬂw@ﬁaﬁwﬁmnﬁﬁnﬁ

AR |

S. (@) A strip with a  cross-section
150 mm x 60 mm is being rolled with
20% reduction in area, using 400 mm
diameter steel rolls. Before and after
rolling, the shear yield stress of
the material is 035 kN/mm? and
0-4 kN/ mm2, respectively. Calculate
() the final strip thickness, (i) the
average shear yield stress during the
process, (i) the angle subtended by the
deformation zone at the roll centre and
(iv) the location of the neutral point. 25

(b) Define the following terms in relation to
a single-point cutting tool with the help
of diégram : (i) back rake angle, (i) end
cutting edge angle, (iii) side relief angle
and (iv) end relief angle. 25
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(@)

400 mm ¥ EIX

2
(shear yield stress) PRI O"35 ?{N / mm
4R 0-4 kKN /mm? g1 T Fi—(i) *ifm @

s, (i) s 3 e of A

i) i 3 e & R SfegRad B 3
(iv) Teed forg 1 M|

G ) TEEA A Th forg A % ITRU 5

gy 1 Prefaiad wdt @ aReiya w (1) 99

W W0, (i) T8 FHN TS HI, (iti) AgS Nl
0 R (iv) T felie Hion)

\/6’. \(a/’Maximize Z =5x +3xy +7Tx4

subject to
X +Xg +2x3 <22
3Xx; +2x5 + x5 <26
X1+ Xy +x3 <18
X1, Xg, X3 20

(b) Describe line balancing with suitable

€Xample. State itg objectives.
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(F) AR H : Z =5x; +3x, + 7x;
el Heh
. X1 +x2 +2x3 <22
T - L L
P} g lgk\{ 3x; +2x,5 +x5 <26
éfq/( X1 +)C2 +X3 <18

A PR Ty X B %e 20
\S

(@) Wﬂ?ﬁm%mmwwmﬁw
mﬁaaﬁa‘rﬁml

195 23 oY E(/)S/‘T ¢ @fff}
A AV, /‘% A, SECTION—II _+D
2% %y "
bl ag X @UE—II ?ﬁ’
3 ¢ ‘
( Describe in detail ABC analysis. State
its advantages, limitations and
~ applications. . 25

) Prove the equivalency of Kelvin-Planck
statement and Clausius statement for
the second law of thermodynamics. 25

(%) ABC wfafg@ = fowargds aofq | 5%
wTER, HATE TR ST S|

(@) omferAfted & @ fom & wed § FHiea-wie
Wl R Fellitgy Qe &l ahear gifaq
F|
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ne at a pressure

/ enters an eng! © It i
f . () Stea absolute and 250 °C- '3
10 bar ar absolute. The

2 b
exhausted at 0-2 0-0 dry. Find out

at exhaust 1s {
:ftlza::rll‘langes in enthalpy and entropy. 25

ation. Also write

u made while
d also mention 1
ation. 25 ’

Derive Bernoulli’s equ
the assumptions YO
deriving the equation an
the applications of the equ

) W 10 bar Frig FemE R 250 °C W ¥ |

Ed .
| WW%IWO-Zbarﬁ@HWﬁWﬁﬁ@TW
J s &) fFE ® 9@ 09 gEl 8l TAH e
5‘J£ w2t # SeamEl 1 qar @
EF (@) o GHIR T H| FHIHOT I
£ am ST g e T o A R o o

|o

TR & ergwEn 1 oft 3gw W)

‘9. (a) A cylinder of 0-122 m radius rotates

concentrically inside a fixed cylinder of

0-128 m radius. Both cylinders are

0-305 m long. Determine the viscosity of ‘
the liquid that fills the Space between

the cylinders if 5 torque of 0-881 N-m is

required to maintain an angular velocity
of 60 revolutions Per minute. 25
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(F) 0-122 m Frsa =1 o fRdimex 0-128 m B
% Th fifvm fem ¥ siw 9= T 2|
I freet ) @ 0-305 m 2 AR Ry e
60 W & Fufr A W WY W@ F R
0-881 N-m % i sTawsrar 2t 8, A ol
m,ﬁﬁmﬁ%mﬁwﬁwé,
3geh Fufmee (viscosity) =1 fefwr %

(@) == & fwo ﬁ?m (distribution law) =
FE IR T R| ) A A DwE-
Segsid Frm ¥ R afie o =)

10. (@) /A hot fluid at 200 °C enters a heat
- ‘/exchanger at a mass flow rate of
10000 kg/hr. Its specific heat is
2000 J/kg-K. It is to be cooled by
another fluid entering at 25 °C with a
mass flow rate 2500 kg/hr and specific
heat 400 J/kg-K. The overall heat
transfer coefficient based on outside

area of 20 m? is 250 W /m2-K. Find

the exit temperature of the hot fluid
when the fluids are in parallel flow. 25

(b)) What 1is the effectiveness of heat
exchanger? Derive the equations for the
effectiveness of parallel and counter-
flow heat exchanger. 25
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(%) 200

(@)

(@)

(b)

09/FE/CC/M-2019-20,4,

(10 )

g 10000 lfg/hr
ﬁmmam@ﬁmﬁm
= ) saeh) s @e 2000 J/kg-K 2
s 25 °C i 3R 400 J/kg-K wftfees g2
it 3% 2500 kg/hr 1 FeAHA FAE W
v 0 T g o gard g 381 e S
3 20 m?2 ¥ a0 &7 F YR W FA &2

ZOw FIEfERRe (overall heat transfer
coefficient) 250 W/mz-K 2| o & H

TR YaE § B wg ™ i uared &
e F qI9E FT gdl

BT ek H gwasiicidar T 37 GHIdR 3R
FIRC-FeN I THEESR s gurEsfiear & fou
Yt o g F| |

A steel ball of 5 cm diameter at 450 °C
is suddenly placed in a controlled
environment maintained at 100 °C.
Taking the following data, find the time
required for the ball tg attain a
temperature of 150 °C -

Cp =450 J/Kg.°C; k=35 W /m-K;
h=10 W /m?-K; 5 = 8000 kg /m?
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() 450 °C W 5 cm =W $it v Wiet aie 9%
100 °C R sA1C U Fefiq amare # wht s
2| Frferfe aen o) g e et g 150 °C

A9H W R % U teves T ELEE
Cp =450J/Kg.°C; k=35 W /m-K;
h=10 W /m?-K; p = 8000 kg /m3

(@) () 98 9% (basic cycle), (i) 399 F1 YaW
(introduction of fuel), (i) e EICRIG|
B3l (compression  ratio  range),
(iv) Tttt & e o1 o (distribution of
fuel in  cylinders) @ (v ST
(applications) % 3R W SI R CI s5F
1 ot H

12. (a) Enlist the properties of the refrigerants.
' Mention and justify the criteria for
selection of right refrigerant for the
domestic refrigerator, air-conditioner for
a cinema hall and for a car air-
conditioner. 25

(b) In a trial on a boiler, the observations
recorded are : feedwater temperature
=50 °C;  Dboiler pressure =10 bar;
quality of steam = 95%; coal consump-
tion = 500 kg/hr; calorific value
of- coal =30500 kJ/kg; feedwater
supplied = 4000 kg/hr. Determine the
evaporation factor from and at 100 °C in
kg per kg of coal fired. Specific heat of
feedwater = 401868 kJ/kg-K. . 25
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